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The invention provides a method of preventing or reducing the severity of a cancer in a subject by stimulating the subject's immune 
response against the cancer. The invention provides, for example, a method of stimulating an immune response in a subject by administering 
to the subject tumor cells that are substantially similar to the subject's cancer cells and that are genetically modified to reduce or inhibit 
the expression of one or more immunosuppressive agents. The invention also provides a method of preventing or reducing the severity 
of cancer in a subjet by stimulating the subject's immune response against the cancer by adininistering to the subject tumor cells that are 
substantially similar to the subject's cancer cells and that are genetically modified to prevent the expression of an immunosuppressive agent 
and, in combination with the genetically modified tumor cells, an irnmunostimulatory agent The invention further provides compositions 
useful for practicing the claimed methods. 
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COMPOSITIONS ANP MSTHOPS FOR SNBANCEP TVM OR C E L L 

IMMUNITY IN VIVO 

gftCKOROVNP OF THE INVENTION 

FIELD OF THE INVENTION 

5 The present invention relates generally to 

anti-tumor vaccines and, more particularly, to the use of 
gene therapy to augment immunological functions in 
response to anti-tumor vaccines. 

BACKGROUND INFORMATION 

10 Recent advances in our understanding of the 

biology of the immune system have lead to the 
identification of cytokines as important modulators of 
immune responses . Cytokines produced by lymphocytes are 
termed lymphokines ♦ These agents mediate many of the 

15 immune responses to tumors. Several cytokines have been 
produced by recombinant DNA methodology and evaluated for 
their anti-tumor effects. 

The administration of lymphokines and related 
immunomodulators has produced some positive responses in 

20 patients with various types of neopla is. However, 

current cytokine administration is frequently associated 
with toxic effects that limit the therapeutic value of 
these agents. For example, interleukin-2 (IL-2) is an 
important lymphokine in the generation of anti-tumor 

25 immunity. In response to tumor antigens, a subset of 
lymphocytes, helper T cells, secrete a small amount of 
IL-2, which acts locally at the site of tumor antigen 
stimulation to activate cytotoxic T cells and natural 
killer cells that mediate systemic tumor cell 

30 destruction. 

In addition to immunostimulatory agents such as 
cytokines, which positively regulate immune effector 
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functions, there also exist molecules that exhibit 
immunosuppressive activity. These immunosuppressive 
agents, if aberrantly regulated, can have detrimental 
effects on the induction of systemic immunity. For 
5 example, one or more isoforms of transforming growth 

factor-B (TGF/3) can be an immunosuppressive agent that is 
secreted by many tumor types. Culture supernatants from 
tumor cells that secrete an immunosuppressive form of 
TGF/3 can reduce tumor specific cytotoxicity in vitro. in 
these in vitro cytotoxicity assays, inhibition of TGFJ3 
activity by expression of antisense TGF/3 can enhance 
tumor cell cytotoxicity. 



15 



Due, in part, to endogenous concentrations of 
immunosuppressive agents in a subject having a cancer, it 
cannot be predicted whether inhibiting the secretion of 
an immunosuppressive agent by the tumor cell will render 
the tumor cell immunogenic in vivo. For example, TGF/3 
secreted by cancer cells can circulate throughout a 
cancer patient and generally immunocompromise the 
20 patient. As a result, administration of tumor cells that 
are substantially similar to the patient's cancer cells 
and that are genetically modified to prevent the 
expression of an immunosuppressive agent would not 
necessarily be expected to stimulate the patient's immune 
25 response against the cancer cells. Similarly, the 

results of in vitro models of anti-tumor immune responses 
do not reliably predict the outcome of related immune 
system manipulations in vivo. 



30 



35 



The modulation of cytokine concentrations has 
been attempted as a means to enhance a cancer patient's 
immune response toward target cancer cells. For example, 
intravenous, intralymphatic or intralesional 
administration of IL-2 has produced clinically 
significant responses in some cancer patients. However, 
severe toxic effects such as hypotension and edema limit 
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the dose and efficacy of intravenous and intralymphatic 
IL-2 administration. The toxicity of systemically 
administered lymphokines is not surprising as these 
agents mediate local cellular interactions and normally 
5 are secreted only in very small quantities. In addition , 
intralesional administration of IL-2 can be difficult to 
accomplish and can cause significant patient morbidity. 

To circumvent the toxicity of systemic cytokine 
administration , an alternative approach involving 

10 cytokine gene transfer into tumor cells has produced 
anti-tumor immune responses in several animal tumor 
models. In these studies, the expression of cytokines 
following cytokine gene transfer into tumor cells 
resulted in a reduction in tumorigenicity of the 

15 cytokine-secreting tumor cells when implanted into 

syngeneic hosts. Reduction in tumorigenicity occurred 
using IL-2, gamma-interf eron or interleukin-4 . In 
studies employing IL-2 gene transfer, the treated animals 
also developed systemic anti-tumor immunity and were 

20 protected against subsequent tumor cell challenges with 
unmodified parental tumor cells. Similar inhibition of 
tumor growth and protective immunity also was 
demonstrated when immunizations were performed with a 
mixture of unmodified parental tumor cells and tumor 
25 cells that were genetically modified to express IL-2. No 
toxicity was associated with localized lymphokine 
transgene expression in these animal studies. 

Cytokines also have been expressed in 
heterologous cell types such as fibroblasts, which were 

30 coinjected into a cancer patient with the patient* s own 
cancer cells. Coinjection of cytokine-expressing cells 
yielded a similar induction of systemic anti-tumor 
immunity as produced by cytokine-expressing tumor cells. 
Nevertheless, while these gene transfer procedures can 

35 provide significant ant i- tumor immunity compared to other 
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methods, a significant fraction of the patients do not 
respond optimally to such therapy. Thus, there exists 
need to provide more effective methods to prevent or 
reduce the severity of a cancer in a patient. The 
present invention satisfies this need and provides 
related advantages as well. 



SUMMARY OF THE IHVBWTTftM 



10 



The present invention provides a method of 
preventing or reducing the severity of a cancer in a 
subject by stimulating the subject's immune response 
against the cancer. For example, a cancer patient can be 
immunized with tumor cells that are substantially similar 
to the subject's cancer cells but that are genetically 
modified to prevent the expression of at least one 
15 immunosuppressive agent. 

The invention also provides a method of 
stimulating a subject's immune response against a cancer 
by administering tumor cells that are substantially 
similar to the subject's cancer cells but that are 
genetically modified to prevent the expression of at 
least one immunosuppressive agent and to express at least 
one immunostimulatory agent such as a cytokine or a known 
tumor antigen. The invention further provides a method 
of stimulating a cancer patient's immune response against 
the cancer by co-administering to the subject an 
immunostimulatory agent such as an adjuvant, a cytokine 
or cytokine-expressing cells (CE cells), which are cells 
that are genetically modified to express a cytokine, and 
tumor cells that are substantially similar to the 
subject's cancer cells and that are genetically modified 
to prevent the expression of at least one 
immunosuppressive agent. 



20 



25 
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The invention also provides compositions useful 
for preventing or reducing the severity of a cancer in a 
subject by stimulating the subject's immune response 
against the cancer. A composition of the invention can 
5 contain tumor cells that are substantially similar to the 
subject's cancer cells and that are genetically modified 
to prevent the expression of at least one 
immunosuppressive agent. In addition, if desired, the 
genetically modified tumor cells can be further modified 

10 to express an immunostimulatory agent such as a cytokine 
or a known tumor antigen. A composition of the invention 
also can contain an immunostimulatory agent such as an 
adjuvant, a cytokine or CE cells and tumor cells that are 
substantially similar to the subject's cancer cells and 

15 that are genetically modified to prevent the expression 
of at least one immunosuppressive agent. 

BRIEF PBgCRIPTI Qy OF TS B PRA>fI W9S 



Figures l.A. and l.B. illustrate the in vitro 
anti-tumor lytic activity of lymph node effector cells 

20 from rats immunized with unmodified 9L gliosarcoma cells 
(Figure I.A.; 9L Immunized) or with 9L cells modified to 
express and secrete IL-2 (Figure I.B.; 9L/LNCX/IL-2 
Immunized). Lymph node cells were harvested from 
immunized animals and stimulated in vitro in the presence 

25 of 50 BRMP units IL-2 /ml medium with either unmodified 9L 
cells or 9L cells that were genetically modified to 
express an antisense TGFfl. Target cells consisted of 
unmodified 9L cells. 

Figure 2 illustrates the effect of immunization 
30 on the survival of mice injected with murine ovarian 
teratoma (MOT) tumor cells. Mice were immunized with 
either unmodified MOT cells (MOT) , MOT cells genetically 
modified to express antisense TGFfl (MOT/TGFflas) , 
unmodified MOT cells and CE cells (MOT + IL2) or a 
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combination of MOT cells genetically modified to express 
antisense TGFJ3 and CE cells ( MOT / TGF/Ja s + IL-2 ) . Control 
mice were not immunized (Unimmunized) . Numbers on the 
right indicate surviving mice/total mice tested. 

5 DETAILED DESCRIPTION OF the TmngyrT^ 

The present invention provides compositions 
that can effectively prevent or reduce the severity of a 
cancer in a subject and methods for using the 
compositions. In particular, the invention provides 
compositions containing tumor cells that are genetically 
modified to reduce or inhibit the expression of one or 
more immunosuppressive factors normally produced by the 
tumor cells. Tumor cells that produce immunosuppressive 
factors are known in the art and are present, for 
15 example, in carcinomas, sarcomas, gliomas, melanomas, 
lymphomas and leukemias (Sulitzeanu, Adv. c anf! . Rrr , 
60:247-267 (1993), which is incorporated herein by 
reference). Whether a cancer is producing an 
immunosuppressive agent can be readily determined using 
methods as described herein or otherwise known in the 
art. 



10 



20 



25 



30 



A composition of the invention contains tumor 
cells that are genetically modified to provide an 
enhanced systemic immune response against a cancer by 
preventing or reducing the expression of one or more 
immunosuppressive agents by the tumor cells. It is 
recognized, therefore, that prior to genetic 
modification, the tumor cells are characterized, in part, 
by their ability to express an immunosuppressive agent. 

A composition of the invention can contain the 
genetically modified tumor cells, alone, or in 
combination with an immunostimulatory agent such as a 
cytokine or cytokine-expressing cells (CE cells), which 
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are cells that are genetically modified to express a 
cytokine • A composition of the invention also can 
contain tumor cells that are genetically modified to 
reduce or inhibit the expression of an immunosuppressive 
5 agent and are further geneitically modified to express an 
immunostimulatory agent such as a cytokine or a known 
tumor antigen. The compositions of the invention are 
advantageous over existing cancer vaccines because the 
disclosed compositions, when administered to a subject, 
10 can provide superior modulation of the subject's immune 
functions • 



As used herein, the term "preventing or 
reducing the severity of a cancer" means that the 
clinical signs or symptoms of the cancer in a subject are 

15 indicative of a beneficial effect to the subject due to 
stimulation of the subject's immune response against the 
cancer. The prevention of a cancer can be indicated by 
an increased time before the appearance of a cancer in a 
subject that is predisposed to developing a cancer* A 

20 subject can be predisposed to developing a cancer due, 
for example, to a genetic predisposition or to exposure 
to a carcinogenic agent. A reduction in the severity of 
a cancer can be indicated by a decrease in size or in 
growth rate of the tumor, which can be determined using 

25 various imaging methods • The pre- ntion or reduction in 
the severity of a cancer also can be determined 
indirectly by detecting the activation of immunoef f ector 
functions in a subject such as the activation of tumor 
cytolytic immunoef f ector cells. 

30 A composition of the invention can prevent or 

reduce the severity of a cancer by stimulating an immune 
response against the cancer. As used herein , the term 
"stimulating an immune response" means that an immune 
response is induced or that the activity of 

35 immunoef fector cells is enhanced in response to 
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administration to a subject of a composition of the 
invention. Stimulation of an immune response can be 
indicated by comparing the immune functions of a subject 
prior to administration of a composition with the immune 
functions following administration. Immune functions can 
be determined using methods described below or otherwise 
known in the art for measuring a humoral or cellular 
immune response. Prevention or a reduction in the 
severity of a cancer as indicated by the methods 
described herein are an indication that the subject's 
immune response against the cancer has been stimulated. 



10 



In one embodiment, tumor cells are removed from 
a subject having a cancer, which is characterized., in 
part, by cancer cells that express at least one 

15 immunosuppressive agent such as an immunosuppressive 
isoform of TGFfi, and the tumor cells are genetically 
modified to reduce or inhibit the expression of the 
immunosuppressive agent. Methods for genetically 
modifying a cell are known in the art and described in 

20 detail below. Although the tumor cells to be genetically 
modified can be obtained from the subject to be treated, 
they also can be obtained from a source other than the 
cancer patient, provided the tumor cells are 
substantially similar to the subject's cancer cells and 
25 express an immunosuppressive agent. Tumor cells can be 
obtained from a source other than the subject to be 
treated if, for example, the subject's own tumor cells 
are not accessible or the subject is predisposed to, but 
does not yet have, cancer. 



30 



As used herein, the terms "tumor cell" and 
"cancer cell" are used interchangeably to mean a 
malignant cell. A tumor cell can occur in and can be 
obtained from a solid tumor such as a sarcoma, carcinoma, 
melanoma, lymphoma or glioma or a more diffuse cancer 
35 such as a leukemia. Tumor cells can be obtained from a 
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subject having a cancer , from a donor subject having a 
cancer that is the same or substantially similar to the 
cancer in the subject to be treated or from a tumor cell 
repository. For convenience, the term "donor tumor cell" 
5 is used to mean tumor cells that are obtained from a 
source other than the subject to be treated. 

It is recognized that a patient's cancer cells 
may or may not express an immunosuppressive agent. 
However, only if the patient's cancer cells express one 

10 or more immunosuppressive agents are the cancer cells 

genetically modified to reduce or inhibit the expression 
of the immunosuppressive agent (s). A subject's cancer 
cells that do not express an immunosuppressive factor can 
be genetically modified to express an immunostimulatory 

15 agent as described below* 

As used herein, the term "tumor cells that are 
substantially similar to the subject's cancer cells" 
means tumor cells such as allogeneic tumor cells that are 
of the same or similar histologic type as the subject's 

20 cancer cells or that express a tumor specific or tumor 
associated antigen that is the same or similar to an 
antigen expressed by the subject's cancer cells. Such 
tumor antigens are known in the art (see, for example, 
Finn, Cttrr. Qpin. Immunol*. 5:701-708 (1993), which is 

25 incorporated herein by reference). For convenience of 
discussion, the subject's own tumor cells are considered 
to be within the meaning of this term. Allogenic tumor 
cells that are substantially similar to the subject's 
cancer cells can be identified, for example, using 

30 histological, histochemical, biochemical, molecular 
biological or immunological methods well known in the 
art. 

As used herein, the term "immunosuppressive 
agent" refers to a gene product that has an inhibitory 
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effect on the functions of the immune response. An 
immunosuppressive agent can interfere, for example, with 
the function of a cytokine or can inhibit or suppress the 
immune response by other mechanisms. Immunosuppressive 
5 agents are known in the art and include, for example, 
TGF3, lymphocyte blastogenesis inhibitory factor, the 
retroviral pl5E protein, suppressive E-receptor (see 
Sulitzeanu, supra, 1993) and extracellular matrix 
molecules such as fibronectin and tenascin (Olt et al., 

10 Cancer 70:2137-2142 (1992); Hemasath et al., J. Immunol . 
152:5199-5207 (1994), each of which is incorporated 
herein by reference) . It is recognized, for example, 
that various isoforms of TGFfl such as TGFfll, TGFJJ2, 
TGFA3 , TGFA4 and TGFA5 exist (see, for example, Roszman 

15 et al., Immunol. Todfly, 12:370-274 (1991); Constant et 
al., J . Immunol , , 148: 1404-1410 (1992); Elliot et al., 
Neuxp-QngQlpgy, 14:1-7 (1992), each of which is 
incorporated herein by reference) and that the 
immunosuppressive effect of one or more of these isoforms 

20 of TGFfl depends, for example, on the target cell. The 
term "TGFfl" is used generally herein to mean any isoform 
of TGFfl, provided the isoform has immunosuppressive 
activity. 

As used herein, the term "express an 
25 immunosuppressive agent" means that the tumor cells 

produce an immunosuppressive agent. As used herein, the 
term "reduce or inhibit the expression of an 
immunosuppressive agent" is used in its broadest sense to 
mean that the level of an RNA molecule encoding an 
30 immunosuppressive agent or the level or activity of the 
immunosuppressive agent, itself, is reduced to a level 
that is less than the level expressed prior to the 
genetic modification . The terms " reduce " and " inhibit " 
are both used because, in some cases, the level of 
35 expression of an immunosuppressive agent can be reduced 
to a level that is below the level detectable by a 
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particular assay and, therefore, it cannot be determined 
whether expression of the immunosuppressive agent is 
reduced or is completely inhibited. Use of the term 
"reduce or inhibit" prevents any potential ambiguity due, 
5 for example, to the limitations of a particular assay. 

Reduction or inhibition of expression of an 
immunosuppressive agent that is expressed by a tumor cell 
can be accomplished using known methods of genetic 
modification (for review, see Mercola and Cohen, Cane. 

10 Gene Ther. 2:47-59 (1995)), For example, a tumor cell 
expressing an immunosuppressive agent such as an 
immunosuppressive isoform of TGFfl can be genetically 
modified such that the expression of the TGFfl is reduced 
or inhibited using a homologous recombination gene 

15 "knock-out- method (see, for example, Capecchi, Nature P 
344:105 (1990) and references cited therein; Roller et 
al.. Science r 248:1227-1230 (1990); Zijlstra et al., 
H&tlirfi, 342:435-438 (1989), each of which is incorporated 
herein by reference; see, also, Sena and Zarling, Nat. 
20 genet t , 3:365-372 (1993), which is incorporated herein by 
reference) . The homologous recombination gene knock-out 
method provides several advantages. For example, 
expression of a gene encoding an immunosuppressive agent 
such as a TGFJ3 gene in a tumor cell can be inhibited 
25 completely if both alleles of the target gene are 
inactivated. In addition to providing complete 
inhibition of the immunosuppressive agent, the method of 
homologous recombination gene knock-out is essentially 
permanent* 

30 The expression of an immunosuppressive agent by 

a tumor cell also can be reduced or inhibited by 
providing in the tumor cell an antisense nucleic acid 
sequence, which is complementary to a nucleic acid 
sequence or a portion of a nucleic acid sequence encoding 

35 an immunosuppressive agen' such as an immunosuppressive 
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isoform of TGFJ3. Methods for using an antisense nucleic 
acid sequence to inhibit the expression of a nucleic acid 
sequence are known in the art and described, for example, 
by Godson et al., J. Biol . r.h^, , 268:11946-11950 (1993), 
5 which is incorporated herein by reference. Expression of 
an immunosuppressive agent by a tumor cell also can be 
reduced or inhibited by providing in the tumor cell a 
nucleic acid sequence encoding a ribozyme, which can be 
designed to recognize and inactivate a specific mRNA such 
as a mRNA encoding an immunosuppressive isoform of TGFJ3 
(see, for example, McCall et al., Proc. N»f 1 _ Agari . ^ < 
USA, 89:5710-5714 (1992); Cremisi et al., Proc. N»f 7 . 
Acad, Sci,, OT7fl , 89:1651-1655 (1992); Williams et al., 
Proc, Natl, ftcad, Sci,, VSA , 89:918-921 (1992); Neckers 
and Whitesell, Amer. J. Ph Y «^i , 265:L1-12 (1993); 
Tropsha et al., J, Mol, Recog, 5:43-54 (1992), each of 
which is incorporated herein by reference). 

The expression of an immunosuppressive agent by 
a tumor cell also can be reduced or inhibited by 
genetically modifying the tumor cell to express a binding 
protein that can bind the immunosuppressive agent and 
render it inactive. For example, the tumor cell can be 
genetically modified to express a natural receptor for 
the immunosuppressive agent such as a TGFJ32 receptor if 
the immunosuppressive agent is TGFB2 or to express an 
antibody such as a single chain antibody that can 
specifically bind an immunosuppressive agent in the tumor 
cell (Duan et al., Proc. Natl . A ff »H . k-i , , f r,o fl 91:5075- 
5079 (1994); Buonocore and Rose, Proc. Wa M . Affa ri . , 
USA 90:2695-2699 (1993), each of which is incorporated 
herein by reference) . Expression in the tumor cell of 
such a binding protein can decrease the available 
immunosuppressive agent and, as a consequence, reduce or 
inhibit immunosuppression of a subject's immune response 
35 against a cancer. 
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Various assays to determine whether a subject's 
cancer cells express an immunosuppressive agent such as 
an immunosuppressive isoform of TGFI3 are available and 
known to those skilled in the art. For example, a 
radioimmunoassay or enzyme linked immunosorbent assay can 
be used to detect a specific immunosuppressive agent in a 
serum or urine sample obtained from a subject. Other 
assays such as the mink lung epithelial cell assay can be 
used, for example, to identify the activity of a TGFJ3 
such as TGFJ31 or TGFJJ2 activity (see Example I). A 
biopsy of the tumor can be examined, for example, 
immunohistochemically for the expression of an 
immunosuppressive agent. In addition, the tumor cells 
can be evaluated by northern blot analysis, reverse 
15 transcriptase-polymerase chain reaction or other known 
methods (see, for example, Erlich, PCR Technology* 
Pr i nc i ples nnri applications for nua amP iif inm+.i™ 
(Stockton Press 1989); Sambrook et al., Moleeulwr 
C l oning? — A laboratory Tnxnup] (Cold Spring Harbor 
Laboratory Press 1989), each of which is incorporated 
herein by reference). 



20 



As disclosed herein, reducing or inhibiting the 
expression of an immunosuppressive agent by a tumor cell 
can attenuate the immunosuppressive effect of the agent 

25 and allow natural immune functions to work even in the 
presence of the endogenous circulating immunosuppressive 
agent. Thus, tumor cells that are genetically modified 
to reduce or inhibit the expression of an 
immunosuppressive agent can be useful as a vaccine to 

30 prevent or reduce the severity of a cancer in a subject 
by stimulating the subject's immune response against the 
cancer. For example, tumor cells that are genetically 
modified by homologous recombination gene knock-out of a 
gene encoding an immunosuppressive agent or by expressing 

35 an antisense nucleic acid sequence can be administered to 
a cancer patient to stimulate an immune response against 
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the cancer and, thereby, reduce the severity of the 
cancer . 

Such genetically modified tumor cells also can 
be used as a vaccine in a subject predisposed to 
developing a cancer in order to prevent a cancer from 
occurring in the subject. Such a vaccine can be 
produced, for example, by obtaining donor tumor cells 
that are substantially similar to the suspect cancer. 
Such donor tumor cells can be obtained, for example, from 
a donor subject having a cancer that is the same or 
substantially similar to the suspect cancer and 
genetically modifying the donor tumor cells to reduce or 
inhibit the expression of an immunosuppressive agent. 
The genetically modified donor tumor cells can be 
administered to the subject alone or in combination with 
an immunostimulatory agent such as an adjuvant or CE 
cells in order to stimulate the subject's immune response 
against the cancer. 



20 



In another embodiment, tumor cells are removed 
from a patient having a cancer and genetically modified 
to reduce or inhibit the expression of the 
immunosuppressive agent and further modified to express 
and secrete one or more immunostimulatory agents such as 
a cytokine or a known tumor antigen. The expression of 
25 an immunostimulatory agent in combination with the 

removal of the inhibitory effect of an immunosuppressive 
agent can augment positive immune functions in a subject. 
Such immune stimulation can effectively enhance the 
effect provided by reducing or inhibiting the expression 
of an immunosuppressive agent in a tumor cell. As a 
result, the genetically modified tumor cells can be 
particularly effective as a vaccine to prevent or reduce 
the severity of a cancer in a subject. 



30 
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As used herein, the term "immunostimulatory 
agent** is used in its broadest sense to mean a molecule 
that can positively effect the immunoresponsiveness of a 
subject. For example , an immunostimulatory agent can be 
5 an adjuvant such as BCG (see Harlow and Lane, Antibodies: 
A laboratory manual (Cold Spring Harbor Laboratory Press 
1988); Mishell and Shiigi, Selected Methods in Cellular 
Immunology ' (W.H. Freeman and Co. (1980)), each of which 
is incorporated herein by reference) or can be a gene 

10 product that can be administered locally or systemically 
to a subject or expressed in a cell. A tumor cell or a 
normal cell such as a fibroblast or an antigen presenting 
cell can be genetically modified to express an 
immunostimulatory agent that is a gene product. 

15 Immunostimulatory agents that are gene products are known 
in the art and include, for example, cytokines, the 
costimulatory B7 molecule (Baskar et al., Proc. Natl* 
Acad. Sci. . USA 90:5687-5690 (1993); Townsend and 
Allison, Science 259:368-370 (1993); Tan et al., JL*. 

20 Immunol. 149:32217-3224 (1992), each which is 

incorporated herein by reference), autologous MHC class I 
and class II molecules (Plautz et al., Proc. Natl. Acad. 
Sci., USA 90:4645-4649 (1993); Hui et al., Zema 
Microbiol . Immunol . 2:215-221 (1990); Ostrand-Rosenberg 

25 et al., J. Immunol, 144:4068-4071 (1990), each of which 
is incorporated herein by reference), allogeneic 
histocompatability antigens such as HLA-B7 (Nab el et al., 
Proc. Natl. Acad. S ci., USA 90:11307-11311 (1993), which 
is incorporated herein by reference) and known tumor 

30 antigens (Finn, supra, 1993). For example, a tumor cell 
may not express an MHC class I or II molecule and, as a 
result, does not induce an optimal immune response. In 
this case, the MHC molecule can be an immunostimulatory 
agent, since, by expressing the MHC molecule in the tumor 

35 cell, the modified tumor cell can induce an immune 

response. Methods for determining whether a tumor cell 
expresses a particular immunostimulatory agent are known 
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in the art and can be used to determine whether the tumor 
cell should be genetically modified to express a 
particular immunostimulatory agent. 

A known tumor antigen can be particularly 
5 useful as an immunostimulatory agent. Various tumor 

antigens, including, for example, epithelial cell mucin, 
which is encoded by the MUC-1 gene, and the melanoma 
antigen, MZ2-E, which is encoded by the MAGE-1 gene, are 
associated with particular tumor cells (Finn, supra, 
10 1993). Genetically modifying a tumor cell to express a 
known tumor antigen can be particularly useful when the 
tumor cells to be administered to a subject to be treated 
are not obtained from that subject. For example, it may 
not be possible to obtain a sufficient number of tumor 
15 cells from a cancer patient. In this case, donor tumor 
cells, which may not express one or more particular tumor 
antigens that are known to be expressed by the subject's 
cancer cells, can be obtained and can be genetically 
modified to express the particular tumor antigen. The 
20 donor tumor cells also will be genetically modified to 
reduce or inhibit the expression of an immunosuppressive 
agent. Upon administration of the genetically modified 
donor tumor cells to the subject, the subject's immune 
response against the cancer can be stimulated against the 
25 subject's cancer. Such genetically modified donor tumor 
cells also can be useful as a vaccine to prevent the 
development of a cancer in a subject predisposed to 
developing a particular cancer. 



30 



35 



A cytokine can be useful as an 
immunostimulatory agent. As used herein, the term 
"cytokine- refers to a member of the class of proteins 
that are produced by cells of the immune system and 
positively regulate or modulate effector functions of the 
immune response. Such regulation can occur within the 
humoral or the cell mediated immune response and can 
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modulate the effector functions of T cells, B cells, 
macrophages, antigen presenting cells or other immune 
system cells. Specific examples of cytokines include, 
for example, interleukin-1 , interleukin-2 , interleukin-3 , 
5 interleukin-4 , interleukin-5 , interleukin-6, 
interleukin-7 , inter leukin- 10, inter leukin- 12 , 
interleukin-15, gamma- in t erf eron, tumor necrosis factor, 
granulocyte colony stimulating factor and granulocyte- 
macrophage colony stimulating factor. 

10 It is recognized that the exp *;ion of 

specific combinations of cytokines can particularly 
useful for stimulating an immune respo For example, 

expression of gamma-inter f eron, IL-2 a: interleukin-12 
can stimulate T cells of the T helper- 1 class, which are 

15 involved in the cellular immune response. Thus, it can 
be particularly useful to genetically modify tumor cells 
to reduce or inhibit the expression of one or more 
immunosuppressive agents, then to individually further 
modify aliquots of the cells to express gamma-interf eron 

20 or IL-2 or interleukin-12. A composition comprising a 
combination of such genetically modified tumor cells can 
be administered to a subject to stimulate, in particular, 
a cellular immune response against the tumor cells. 

In some cases, it can be difficult to obtain a 
25 sufficient number of cancer cells from a patient. Donor 
tumor cells that are genetically modified to reduce or 
inhibit the expression of an immunosuppressive agent and, 
if desired, further modified to express a known tumor 
antigen or a cytokine can be used to stimulate an immune 
30 response in such a patient. The genetically modified 

donor tumor -ells also can be used to prevent a cancer in 
a normal subject or in a subject suspected of developing 
a cancer. Subjects that are predisposed to developing a 
cancer are known and can be identified using methods of 
35 genetic screening (Mao et al. , Cane. Res. 54(Suppl.): 
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1939s-1940s (1994); Garber and Diller, Cnrr. n p ^ 
Ped i atr, 5:712-715 (1993). Such subjects can be 
predisposed to. developing, for example, retinoblastoma, 
breast cancer or colon cancer. 

5 A panel of genetically modified donor tumor 

cells, which can represent various histologic tumor types 
and express various known tumor antigens such as MZ2-E or 
mucin (see Finn, supra, 1993), can be prepared. Such a 
panel of genetically modified donor tumor cells can be 
maintained in a cell repository and are readily available 
for administration to a subject predisposed to developing 
a particular cancer. One or more tumor cell lines in 
such a panel can be used to stimulate a cancer patient's 
immune response against the patient's cancer. The 
skilled artisan can select an appropriate genetically 
modified donor tumor cell from the panel based, for 
example, on the histologic type of tumor the subject has 
or is predisposed to developing, if desirable, the 
artisan can further genetically modify a tumor cell 
obtained from such a panel depending on the particular 
characteristics of the cancer in the subject to be 
treated. 

In still another embodiment, cancer cells are 
removed from a patient having a cancer, which is 
25 characterized, in part, by expressing an 

immunosuppressive agent, or donor tumor cells are 
obtained and the cells are genetically modified to reduce 
or inhibit the expression of the immunosuppressive agent. 
The genetically modified tumor cells then are combined 
with an immunostimulatory agent such as CE cells or an 
adjuvant to provide a composition that can be used to 
stimulate the cancer patient's immune response. 

As used herein, the term "CE cell- or 
"cytokine-expressing cell" means a cell such as a 
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fibroblast or an antigen presenting ceil that is 
genetically modified to express and secrete one or more 
cytokines. As described above, the use of the cytokine 
gene therapy can augment positive immune functions in a 
5 subject in combination with the repression of the 

inhibitory effects of an immunosuppressive agent. A CE 
cell can be an autologous cell, which is obtained from 
the subject to be treated, or can be an allogeneic cell, 
which can be obtained, for example, from a donor subject 

10 or from a cell repository. It is recognized that cells 
to be used as CE cells must be examined to determine 
whether they express an immunosuppressive agent. If the 
cells express an immunosuppressive agent, they can be 
genetically modified to reduce or inhibit the expression 

15 of the agent using the methods described herein. 

The invention also provides methods for 
preventing or reducing the severity of a cancer in a 
subject. Such a method can consist, for example, of 
stimulating the subject ' s immune response against the 

20 cancer by administering to the subject an effective 

amount of tumor cells that are substantially similar to 
the subject's cancer cells and that are genetically 
modified to prevent the expression of at least one 
immunosuppressive agent. In addition, the genetically 

25 modified tumor cells can be further modified to express 
and, if desirable, secrete an immunostimulatory agent or 
can be administered in combination with an 
immunostimulatory agent such as an adjuvant or an 
effective amount of a cytokine or of CE cells (see, for 

30 example, Khan et al., Pharm. ftes. 11:2-11 (1994); 

Audibert and Lise, Immunol . Today 14:281-284 (1993), each 
of which is incorporated herein by reference) • 

As used herein, the term "effective amount" 
means an amount of a substance such as the genetically 
35 modified tumor cells, alone, or in combination with an 
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immunostimulatory agent such as a cytokine or CE cells, 
" that can stimulate an immune response to prevent or 
reduce the severity of a cancer in a subject. Such an 
effective amount can be determined using assays for 
5 determining the activity of immunoef f ector cells 

following administration of the substance to the subject 
or by monitoring the effectiveness of the therapy using 
well known in vivo diagnostic assays as described below. 



10 



20 



30 



35 



Based merely on in vitro experiments, it 
previously was suggested that the expression of TGFB by a 
tumor cell inhibited immunoef f ector functions against the 
tumor cell and that the inhibition of TGFB expression in 
such tumor cells would render the cells more susceptible 

to immunoef fector cells (Hachimczak et al., J. M ,nr ^ 

15 78:944-951 (1993,). However, in vitro experiments to 

examine the immunoresponsiveness of immunoef fector cells 
against tumor cells following a particular treatment in 
vitro is not necessarily predictive of in vivo efficacy 
of the therapy. For example, rats were immunized with 9L 
gliosarcoma cells or 9L cells that had been genetically 
modified to express IL-2 . When anti-tumor lytic activity 
of lymph node effector cells was examined in vitro, it 
was observed that in vitro- stimulated immunoef fector 
cells obtained from the rats immunized with the 
genetically modified gliosarcoma cells had greater 
cytolytic activity against target 9L gliosarcoma cells 
and greater natural killer cell activity than in vitro- 
stimulated immunoef fector cells obtained from unimmunized 
rats or rats immunized with unmodified 9L gliosarcoma 
cells (Figure 1; see, also, Example 1). if 8U ch in vitro 
results were predictive of in vivo efficacy, it would 
have been expected that immunization of rats with the IL- 
2 modified gliosarcoma cells would produce a greater 
immune response in the rats against 9L tumor cells. 
However, no significant difference in animal survival was 
observed in rats that were injected with 5 x 10 3 9L 
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gliosarcoma cells on days 1 and 2, then immunized twice 
per week for two weeks, beginning on day 5, with 
unmodified or with IL-2 modified 9L cells (see Table , 
below) . Furthermore, previous in vitro studies showed 
5 that IL-2 and antibodies to TGFfl could significantly 
counteract TGFfl-induced depression in lymphocytes. 
However, when administered in vivo, these treatments 
resulted in either no anti-tumor effects or enhanced 
tumor growth (Gridley et al., Cane. Biother. 8:159-170 
10 (1993)). Thus, in vitro results are not necessarily 
predictive of in vivo efficacy of a treatment. 

Moreover, although expression of an antisense 
TGFJJ nucleic acid sequence ("antisense TGFJ3" ) in 9L 
gliosarcoma cells rendered the gliosarcoma cells 

15 immunogenic in vivo (see Table I, below), this was not 
the case in another animal model. Specifically, when 
antisense TGFfl was expressed in ovarian carcinoma cells, 
the genetically modified cells were no more immunogenic 
than the ovarian carcinoma cells administered alone or in 

20 combination with IL-2 -producing CE cells (see Figure 2). 
However, when a composition of ovarian tumor cells that 
had been genetically modified to express antisense TGFfl 
was administered to an experimental animal in combination 
with IL-2 -producing CE cells, an immune response was 

25 stimulated against the tumor cells. Thus, as disclosed 
herein, the present invention provides methods for 
stimulating an immune response in a subject against the 
subject's cancer cells by immunizing the subject with 
tumor cells, which are genetically modified to prevent 

30 expression of an immunosuppressive agent, alone or in 
combination with an immunostimulatory agent. 

The methods of tumor immunotherapy described 
herein utilize the genetic modification of tumor cells, 
which results in the reduction or inhibition of 
35 expression of one or more immunosuppressive agents by the 
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tumor cells. Homologous recombination gene knock-out is 
particularly useful for reducing or inhibiting the 
expression of an immunosuppressive agent because it 
results in essentially total and permanent inhibition of 
5 expression of the immunosuppressive agent. Expression of 
an antisense nucleic acid sequence also can reduce or 
inhibit the expression of the immunosuppressive agent by 
the tumor cell. Regardless of the method for reducing or 
inhibiting expression of an immunosuppressive agent by a 
tumor cell, administration of the genetically modified 
tumor cells to a subject can stimulate a subject's immune 
response against a cancer. Thus, the disclosed methods 
are useful for reducing the severity of an existing tumor 
in a subject or for preventing the occurrence of a cancer 
in a subject predisposed to developing a cancer. 

Tumor cells that show enhanced efficacy as an 
anti-tumor vaccine due to reduction or inhibition of 
expression of one or more immunosuppressive agents can be 
used therapeutically to treat a subject for a particular 

20 cancer. Tumor cells to be genetically modified can be 
obtained, for example, by biopsy from the subject having 
the cancer, which is characterized, in part, by 
expressing one or more immunosuppressive agents, and the 
tumor cells can be genetically modified to inhibit the 

25 expression of the immunosuppressive agent (s).. 

Alternatively, as described above, donor tumor cells can 
be obtained and genetically modified. The genetically 
modified tumor cells then can be administered to the 
subject. 



15 



30 



35 



It is recognized that the tumor cells to be 
administered should be viable. However, administration 
of viable tumor cells to a subject requires that the 
tumor cells be inactivated so they do not grow in the 
subject. Inactivation can be accomplished by any of 
various methods, including, for example, by irradiation, 
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which is administered to the cells at a dose that 
inhibits the ability of the cells to replicate but does 
not initially kill the tumor cells. Such viable tumor 
cells can present tumor antigens to the patient's immune 
system but cannot multiply and form new tumors. 

Once the tumor cells are obtained from either 

the subject to be treated, a donor subject or an 

established cell line, the tumor cells are genetically 

modified such that expression of one or more 

immunosuppressive agents expressed by the tumor cell is 

reduced or inhibited (see Example II). Genetic 

modification is advantageous over other methods for 

inhibiting expression of the immunosuppressive agent in 

that it is efficient, specific for the intended gene 

15 product and can provide sustained inhibition of the 

expression of one or more immunosuppressive agents. As 

described above, methods of genetic modification include, 

for example, homologous recombination, which can 

permanently and completely inactivate the gene encoding 

20 the immunosuppressive factor, or expression of a ribozyme 

or an antisense nucleic acid sequence in a cell, which 

can inhibit or inactivate one or more steps involved in 

transcription, processing or translation of a nucleic 

acid molecule encoding the immunosuppressive agent. In 

25 addition, genetic modification can result in the 

expression in the tumor cell of a binding protein such as 

an antibody, which can specifically bind to an 

immunosuppressive agent and prevent the immunosuppressive 
activity. 



30 Homologous recombination gene knock-out is an 

effective method of reducing or inhibiting expression of 
an immunosuppressive agent because of the complete and 
sustained inhibition of expression of the agent. In 
addition, antisense methods for reducing or inhibiting 

35 expression of an immunosuppressive agent are useful as 
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disclosed herein* Antisense methods involve introducing 
into the tumor cell a nucleic acid sequence that is 
complementary to and can hybridize to the target nucleic 
acid molecule , which encodes the immunosuppressive agent, 
5 in a cell. An antisense nucleic acid sequence can be a 
chemically synthesized oligonucleotide, which can be 
introduced into the tumor cells by methods of 
transf ection, or can be expressed from a vector, which 
can be stably introduced into the tumor cell using well 

10 known methods (see, for example, Sambrook et al., supra, 
1989). One in the art would know that the ability of 
such a complementary nucleic acid sequence to hybridize 
to the target nucleic acid sequence depends, for example, 
on the degree of complementarity shared between the 

15 sequences, the length of the antisense nucleic acid 

sequence, which generally is an oligonucleotide that is 
at least ten nucleotides in length, and the GC content of 
the oligonucleotide (see Sambrook et al., supra, 1989). 

A recombinant vector can be used to express an 

20 antisense nucleic acid sequence in the tumor cells. Such 
vectors are known or can be constructed by those skilled 
in the art and contain the expression elements necessary 
to achieve, for example, sustained transcription of an 
antisense nucleic acid sequence. Examples of vectors 

25 include viruses such as bacteriophages, baculoviruses and 
retroviruses and DNA viruses, cosmids, plasmids or other 
recombination vectors (Jolly, Cane. Gen* Th^r, 1:51-64 
(1994), which is incorporated herein by reference). The 
vectors can also contain elements for use in procaryotic 

30 or eukaryotic host systems or, if desired, both systems. 
One of ordinary skill in the art would know which host 
systems are compatible with a particular vector. Vectors 
that result in high levels of sustained expression of the 
antisense nucleic acid sequences can be particularly 

35 useful. 
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Examples of useful viral vectors, for example, 
include adenovirus and adenovirus-associated vectors 
(see, for example, Flotte, J. Bibenera. Biomemb.. 25:37- 
42 (1993) and Kirshenbaum et al., J. Clin. Invest r 
5 92:381-387 (1993), each of which is incorporated herein 
by reference) . Vectors are particularly useful when the 
vector contains a promoter sequence, which can provide 
constitutive or, if desired, inducible expression of a 
cloned nucleic acid sequence. Such vectors are well 
10 known in the art (see, for example, Meth. Enzymcl. . Vol. 
185, D.V. Goeddel, ed. (Academic Press, Inc., 1990), 
which is incorporated herein by reference) and available 
from commercial sources (Promega, Madison, WI). 

Vectors can be introduced into the tumor cells 
15 by any of a variety of methods known in the art and 

described, for example, in Sambrook et al., supra, 1989, 
and in Ausubel et al., Current Protocol s in Molecular 
Biology, John Wiley and Sons, Baltimore, MD (1994), which 
is incorporated herein by reference. Such methods 
20 include, for example, transf ection, lipofection, 

electroporation and infection with recombinant vectors or 
the use of liposomes. Introduction of nucleic acids by 
infection is particularly advantageous in that it can be 
effective in vitro or in vivo. Higher efficiency can 
25 also be obtained due to their infectious nature. 

Moreover, viruses are very specialized and typically 
infect and propagate in specific cell types. Thus, their 
natural specificity can be used to target the antisense 
vectors to specific tumor cell types in a biopsy culture, 
30 which may be contaminated with other cell types. Viral 
or non-viral vectors can also be modified with specific 
receptors or ligands to alter target specificity through 
receptor mediated events. The use of retroviral vectors 
for the expression of antisense sequences is described 
35 below. 
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A nucleic acid molecule also can be introduced 
into a tumor cell using methods that do not require the 
initial introduction of the nucleic acid sequence into a 
vector. For example, a nucleic acid sequence useful for 
5 inactivating a gene in a tumor cell such as a gene 
encoding an immunosuppressive isoform of TGFJ3 can be 
introduced into a tumor cell using a cationic liposome 
preparation (Morishita et al., J. Clin. m^ t| 91:2580- 
2585 (1993), which is incorporated herein by reference; 
see, also, Nabel et al., supra, 1993)). m addition, a 
nucleic acid sequence can be introduced into a tumor cell 
using, for example, adenovirus -poly lysine DNA complexes 
(see, for example, Michael et al., J. Bi«l . r^ m , 
268:6866-6869 (1993), which is incorporated herein by 
reference). Other methods of introducing a nucleic acid 
sequence into a tumor cell such that the nucleic acid can 
be expressed or can result in the reduction or inhibition 
of expression of a gene product are well known and 
described, for example, by Goeddel, supra, 1990). 

Nucleic acid sequences encoding various 
immunosuppressive and immunostimulatory agents have been 
cloned and are available for use (GenBank) . Nucleic acid 
sequences encoding, for example, cytokines such as 
various interleukins , gamma-interferon and colony 
stimulating factors are available from the American Type 
Culture Collection (see ATCC/NIH Repository Catalogue of 
Human and Mouse DNA Probes and Libraries, 6th ed., 1992) 
or are available commercially (Amgen, Thousand Oaks, CA; 
see, also, Patchen et al., Exntl . wo^^ , , 21:338-344 
(1993); Broudy et al., filflfiji, 82:436-444 (1993), each of 
which is incorporated herein by reference). Similarly, 
nucleic acid sequences encoding immunosuppressive agents 
such as various immunosuppressive isoforms of TGFJ3 are 
available to those in the art. 
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In addition/ a nucleic acid sequence encoding 
an immunosuppressive agent, for example , can be obtained 
and modified such that, following homologous 
recombination with the target gene in the tumor cell, the 
5 immunosuppressive agent is not expressed. Nucleic acid 
sequences encoding various immunosuppressive agents or 
immunostimulatory agents also can be obtained using, for 
example, the polymerase chain reaction, provided some 
information of the nucleic acid sequence encoding the 
10 agent is known. Other methods such as cloning also can 
be used to isolate a desired nucleic acid sequence 
encoding an immunosuppressive or immunostimulatory agent. 

Selectable marker genes encoding, for example, 
a polypeptide conferring neomycin resistance (Neo R ) also 

15 are readily available and, when linked to a nucleic acid 
sequence or incorporated into a vector, allows for the 
selection of cells that have successfully incorporated 
the desired nucleic acid sequence, which can inactivate a 
target gene by homologous recombination, encode an 

20 antisense nucleic acid sequence or encode an 

immunostimulatory agent. Other selectable markers known 
to those in the art of gene transfer also can be used to 
identify tumor cells that have been genetically modified, 
for example, by homologous recombination to reduce or 

25 inhibit the expression of one or more immunosuppressive 
factors • 

A "suicide" gene also can be incorporated into 
a vector so as to allow for selective inducible killing 
of a genetically modified tumor cell following 

30 stimulation of a subject's immune response. A gene such 
as the herpes simplex virus thymidine kinase gene (TK) 
can be used as a suicide gene to provide for an inducible 
destruction of the tumor cells. For example, when the 
tumor cells are no longer useful, a drug such as 

35 acyclovir or gancyclovir can be administered to the 
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subject. Either of these drugs selectively kills cells 
expressing a viral TK, thus eliminating the implanted 
genetically modified tumor cells. Additionally, a 
suicide gene can encode a non-secreted cytotoxic 
5 polypeptide and can be linked to an inducible promoter. 
If destruction of the tumor cells is desired, the 
appropriate inducer of the promotor is administered so 
that the cytotoxic polypeptide is expressed. 

Numerous methods are available for transferring 
nucleic acid sequences into cultured cells, including the 
methods described above. In addition, a useful method 
can be similar to that employed in previous human gene 
transfer studies, where tumor infiltrating lymphocytes 
(TILs) were modified by retroviral gene transduction and 
administered to cancer patients (Rosenberg et al., Hew. 
Eng l . J, Med , 323:570-578 (1990)). m that Phase I 
safety study of retroviral mediated gene transfer, TILs 
were genetically modified to express the Neomycin 
resistance (Neo*) gene. Following intravenous infusion, 
polymerase chain reaction analyses consistently found 
genetically modified cells in the circulation for as long 
as two months after administration. No infectious 
retroviruses were identified in these patients and no 
side effects due to gene transfer were noted in any 
25 patients. These retroviral vectors have been altered to 
prevent viral replication by the deletion of viral gag, 
pol and env genes. Such a method can also be used ex 
vivo to transduce tumor cells taken from a subject with 
cancer. 
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When retroviruses are used for gene transfer, 
replication competent retroviruses theoretically can 
develop due to recombination of retroviral vector and 
viral gene sequences in the packaging cell line utilized 
to produce the retroviral vector. Packaging cell lines 
xn which the production of replication competent virus by 
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recombination has been reduced or eliminated can be used 
to minimize the likelihood that a replication competent 
retrovirus will be produced. Hence, all retroviral 
vector supernatants used to infect patient cells will be 
5 screened for replication competent virus by standard 
assays such as PGR and reverse transcriptase assays. 

Approximately 1 x 10 7 tumor cells are required 
for immunization , depending , for example, on the number 
of times the composition is to be administered and the 

10 level of response desired. The tumor cells can be mixed 
with an appropriate adjuvant or with a pharmacologically 
acceptable solution such as physiological saline or the 
like for administration, which can be accomplished by any 
of various methods such as subcutaneous or intramuscular 

15 injection or any manner acceptable for immunization. 
Pharmacologically acceptable solutions useful for 
immunization are known in the art (see, for example, Khan 
et al., supra, 1994; Audibert and Lise, supra, 1993; 
Mishell and Shiigi, supra, 1980). In addition, various 
20 methods of administration can be used and are known to 
those skilled in the art. Administration can be at a 
body location other than an active tumor site or, if 
desired, at the site of a tumor in a cancer patient or 
can be in a subject predisposed to developing a cancer. 

25 One skilled in the art would know that the 

effectiveness of therapy can be determined by monitoring 
immune functions in the patient. For example, the 
cytolytic activity of immune effector cells against the 
patient's cancer cells can be assayed using the methods 

30 described in Example I. In addition, the size or growth 
rate of a tumor can be monitored in vivo using methods of 
diagnostic imaging. By monitoring the patient during 
therapy, the therapist would know whether to maintain, 
for example, therapy using tumor cells that are 

35 genetically modified to prevent expression of an 
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immunosuppressive agent or whether it is more desirable 
to use a combination therapy, which can reduce or prevent 
the expression of an immunosuppressive agent and, at the 
same time, can provide an immunostimulatory agent . Such 
5 combined gene therapy can exhibit superior efficacy 
because not only are the immunosuppressive functions 
depressed but the stimulatory functions of the immune 
system are enhanced. This combined approach is 
particularly useful when separate inhibition of an 
immunosuppressive agent or stimulation of the immune 
response using an immunostimulatory agent provides only 
moderate effects when used alone. 

Where combined therapy is used, tumor cells 
expressing, for example, an antisense nucleic acid 
sequence to an immunosuppressive agent can be further 
modified to express one or more immunostimulatory agents 
such as cytokines. The tumor cells should be modified so 
that a known number of cells in the composition secrete, 
for example, appropriate cytokine levels, which can 
induce anti-tumor immunity without producing substantial 
systemic toxicity in a subject. Alternatively, the 
genetically modified tumor cells can be administered in 
combination with CE cells, which express and secrete a 
defined level of cytokines. The expression- of an 
appropriate level of a cytokine allows administration of 
an effective amount of the composition, while minimizing 
the .likelihood of adverse side effects as were observed 
using previously described methods of systemic 
administration of greater than physiological levels of 
the cytokines. 

As with the tumor cells modified with antisense 
described previously, tumor cells that express an 
antisense nucleic acid and an immunostimulatory agent or 
the combination of tumor cells that express an antisense 
nucleic acid sequence for an immunosuppressive agent and 
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an immunostimulatory agent such as a cytokine or CE cells 
can be formulated for injection in any manner known in 
the art as being acceptable for immunization. Because it 
is important that the tumor cells and, if used, CE cells 
5 remain viable , the formulations are compatible with cell 
survival. It is recognized that contamination of a 
composition of the invention can focus the immune 
response on undesired antigens and, therefore, should be 
avoided by practicing aseptic techniques. 

10 It is understood that modifications that do not 

substantially affect the activity of the embodiments of 
this invention also are included within the invention 
provided herein. Accordingly, the following examples are 
intended to illustrate but not limit the present 

15 invention. 

EXAMPLE I 

IMMUNOSUPPRESSIVE EFFECT OF TQFfl IN TUMOR CEIAfi 

This example demonstrates that various tumor 
cell lines produce an immunosuppressive isoform of TGFJ3. 

20 A murine ovarian teratoma cell line, MOT D3- 

17-5 (MOT), a human glioblastoma cell line, GT-9, and a 
rat gliosarcoma cell line, 9L, were used to assess the 
immunosuppressive effects of TGFp. Expression of TGFfl 
was determined by measuring the ability of TGFJJ to 

25 suppress the growth of mink Mv-l-Lu lung epithelial cells 
(ATCC CCL64; Rockville MD; Ogawa and Seyedin, Mfiih^ 
EngymQlt 198:317-327 (1991), which is incorporated herein 
by reference). Briefly, mink lung epithelial cells are 
grown in DMEM containing 10% FCS, 50 U/ml penicillin, 

30 50 fjg/xnl streptomycin, nonessential amino acids and 
L-glutamine until near confluency. Cells were 
trypsinized and collected by centrif ugation at 800 x g 
for 2 min, then resuspended in culture medium at 20,000 
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cells/ml. The cells were plated on 96-well microtiter 
plates at 1000 cells/well (50 pl/well) and allowed to 
attach for 30 min. 

Fifty pi conditioned supernatant from the 
5 various cultured tumor cell lines were added in 

triplicate to wells containing mink lung epithelial 
cells. Plates were incubated for 4 days at 37 °C in an 
atmosphere containing 10% CO a . Wells were rinsed with 
phosphate buffered saline (PBS), then filled with 100 pi 

10 0.1 M sodium acetate (pH 5.5)/0.1% Triton X-100/100 mM 
p-nitrophenylphosphate and the plates were incubated for 
2 hr at 37 °C. Color development was generated by the 
addition of 10 pi 1.0 N NaOH and the absorbance at 
405 nm, which is proportional to the number of cells, was 

15 determined. Supernatants obtained from the MOT, GT-9 and 
9L tumor cell cultures inhibited mink lung epithelial 
cell proliferation in a dose-dependent manner, indicating 
that each of these tumor cell lines secrete biologically 
active TGFfl (not shown). 

20 The "in* lung epithelial cell assay also can be 

performed using mink lung epithelial cells that are 
pulsed for 4 hr with 0.5 ^Ci 3 H-thymidine . In this case, 
the number of counts is proportional to the number of 
proliferating cells, which decreases in the presence of 

25 increasing amounts of TGFfl. A similar analysis can be 
performed using, for example, the TF1 cell line assay 
(Randall et al. f J. Immunol, 164:61-67 (1993), 

which is incorporated herein by reference). 



30 



The specific isoform of TGFfl in a sample can be 
determined using anti-TGFfi antibodies. However, since 
TGFJ3 exists in a cell in an active form and in an 
inactive form and since anti-TGFfl antibody only reacts 
with active TGFfl, in some experiments, TGFJ3 can be 
activated by acidification so that total TGFfl in the 
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sample can be determined. Prior to addition of a cell 
supernatant to the mink lung epithelial cells, the 
supernatants either are left untreated, in order to 
measure the amount of active TGFfl secreted, or are 
5 acidified to activate TGFfl. The culture supernatant is 
acidified by adjusting to pH 2-3 with HC1, incubated for 
30 min, then neutralized with NaOH. Antibodies specific 
for TGFJ31 or TGFB2 (R&D Systems; Minneapolis MN) are 
added to some wells to determine specificity. Known 
10 concentrations of TGFJ3 are used to generate a standard 
curve. 

To determine the inhibitory effect of TGF/3 on 
immunoresponsiveness using the 9L tumor model, F344 rats 
were immunized subcutaneously with 2 x 10 s irradiated 

15 (5000 cGy) unmodified 9L gliosarcoma cells or 9L cells 
that had been transduced with LNCX-IL2, which is a 
retroviral vector that expresses IL-2. The LNCX-IL2 
vector was constructed by inserting a human IL-2 cDNA 
containing the rat preproinsulin secretory signal 

20 (Cullen, 7:645-650 (1988), which is incorporated 

herein by reference) into LNCX, which contains a 
cytomegalovirus (CMV) promoter and was packaged in PA317 
cells (Miller and Buttimore, Mol. Ct-n th 9 ] , 6:2895-2902 
(1986), which is incorporated herein by reference). 

25 Fo ^ transduction, 9L cells were seeded at a 

density of 2 x 10' cells/T-75 flask (20% confluency) . 
After the cells attached to the flask, the supernatant 
was removed and the cultures were washed once with PBS, 
then incubated at 37 °C in serum-free medium containing 

JO 20 pg/ml DEAE-dextran . After 30 min, the DBAE-dextran 
was removed and replaced with 10 ml medium containing 
LNCX-IL2 and 8 fug/ml polybrene. To provide adequate 
nutrient levels during the transduction period, the 
retroviral supernatant was diluted 1:1 with fresh medium 

15 before being adjusted to 8 yg/ml polybrene. The virus 
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supernatant was removed from cultures after 6 to 24 hr 
and replaced with fresh medium. Selection of 
transductants was initiated with 50-400 jjg/ml active G418 
beginning the next day. 

5 Fourteen days following immunization of the 

rats with unmodified or transduced 9L gliosarcoma cells, 
the lymph nodes were removed and lymph node effector 
cells were isolated, then incubated for 5 days in DMEM 
supplemented with 10% fetal calf serum (FCS) and 50 U/ml 
10 recombinant human IL-2. Irradiated 9L cells (5000 cGy) 
were added at an effector cell : stimulator cell ratio of 
30:1 to duplicate flasks. Turkey anti-TGFJ3 antiserum was 
added to one flask. 

After 5 days, the splenocytes or lymph node 
15 cells were harvested and assayed for lytic activity in 
vitro by a four hour chromium release assay using 
5l Cr-labeled 9L cells as target cells (Shawler et al., 
Jt Clint Labt Anal t 1:184-190 (1987); Dillman et al., 
J t Immunol . 136:728-731 (1986), each of which is 
20 incorporated herein by reference). In addition, 

51 Cr-labeled A2T2C4 cells, which are a rat natural killer- 
(NK-) sensitive cell line, (Gallimore et al., J. Mol . 
hLQl^ 89:49-72 (1974), which is incorporated herein by 
reference) were used as targets to test for NK activity. 

25 The results of these assays demonstrated that 

cytotoxic T cell activity and NK cell activity was 
significantly greater in rats immunized with 9L cells 
that had been genetically modified to express IL-2 as 
compared to unmodified 9L cells. The addition of 

30 neutralizing concentrations of anti-TGFJ32 antibody to the 
in vitro stimulation portion of the assay caused about a 
two-fold increase in the killing of 9L gliosarcoma target 
cells at an effector cell: target cell ratio of 100:1 (not 
shown). However, no significant increase in animal 
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survival time was observed in rats immunized with the 
genetically modified 9L cells as compared to unimmunized 
rats or rats immunized with 9L cells transduced with a 
control vector. 



10 



The results of these experiments indicate that 
TGFJ3 expression can reduce or prevent an immune response 
to a cancer in vivo. In addition, the results indicate 
that the effectiveness of a immunostimulatory agent such 
as IL-2 at inducing immunoresponsiveness as determined 
using an in vitro assay is not necessarily predictive of 
the ability of the agent to stimulate an immune response 
in vivo. 



EXAMPLE II 

EFFECT OF AWT T SEWS R TQFfl EXPRBSSTQM 
15 ON IMMUWOGENICITY P F TUMOR CKT. L S 

This example demonstrates that expression of an 
antisense TGFB nucleic acid sequence in a tumor cell, 
which is characterized, in part, by producing TGFB, 
allows for the induction of an immune response against 
20 the tumor cells in vivo. 



£u 9L qlioflarcQina ^1 1 P 

To analyze the systemic anti-tumor effects of 
inhibiting an immunosuppressive agent such as TGFB, 9L 
gliosarcoma cells were transfected with a vector 
25 expressing an antisense TGFB nucleic acid sequence. A 
nucleic acid sequence encoding antisense TGFB2 was 
inserted into the pCEP4 vector (Invitrogen; San Diego 
CA . The TGFB2 nucleic acid sequence was obtained from 
pSTGFbeta2, which contains a cDNA encoding TGFB2 that was 
isolated from African green monkey kidney cells (Hanks et 
a1 *^ P roc » NflU, Acad, fic i ,, USA 85:79-82 (1988), which 
is incorporated herein by reference; ATCC #77322; 
Rockville MD) . 
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pSTGFbeta2 was digested with Xhol and Hindlll 
to release a 957 base pair (bp) fragment, which contains 
870bp encoding the 5' end of TGFJ32 . The expression 
vector pCEP4 also was digested with Hindlll and Xhol. 
5 The restriction enzyme digested products were 

fractionated by electrophoresis in an agarose gel, the 
bands corresponding to the linearized pCEP4 vector and 
the 957 bp TGFJ32 sequence were removed and the nucleic 
acids were released from the gel slices using the routine 

10 glass powder method (see Sambrook et al., supra, 1989). 
The isolated vector and the TGF/32 fragment were ligated 
overnight at 16 °C and the ligation product was used to 
transform XL-1 bacteria. A clone containing a plasmid 
having the appropriate sized band was isolated and used 

15 for large scale DNA preparation ( pCEP4 /TGFJ52 ) . Ligation 
of the Xhol/Hindlll digested 957 bp TGFB2 fragment into 
pCEP4 placed the TGF132 fragment in a reverse orientation 
with respect to the CMV promotor in pCEP4 . 



pCEP4 /TGFJ12 , which encodes antisense TGFI32, was 
!0 trans fected using the calcium phosphate method into 9L 
gliosarcoma cells and into 9L cells that were transduced 
to contain an IL-2 expressing retroviral vector 
(91/LNCX/IL2 cells) or a control retroviral vector 
(9L/LXSN/0 cells). The transfected cells were cultured 
5 in presence of hygromycin, which selects for cells 
containing pCEP4 /TGFJ52 , until colonies appeared. 

TGFfl secretion by the transfected cell lines 
was determined using the mink lung epithelial cell assay. 
Cells that contained pCEP4/TGFJ32 had reduced TGF13 

0 activity (not shown). These results indicate that an 
antisense TGFA2 produced in the transfected cells can 
reduce or inhibit the expression of TGFJ1. It is 
recognized that an antisense nucleic acid sequence that 
is approximately 800 nucleotides or more, although 

5 complementary to one particular TGFJ3 isofonn, can also 
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cross-inhibit the activity of another isoform of TGFfl 
(see Pitzpatrick et al., Growth Factors 11:29-44 (1994)). 

The cytolytic activity of immune effector cells 
in vitro was examined in a 4 hour 51 Cr release assay as 
5 described above. Briefly, lymph nodes from rats 
immunized with unmodified 9L cells or with 9L cells 
modified to express and secrete IL-2 were collected and 
lymph node cells cultured for 5 days in presence of 
50 BRMP units IL-2 per ml and either unmodified 9L cells 

10 or antisense TGF132 modified 9L cells. Cytotoxicity of 

the effector cells was determined in a 4 hour 51 Cr release 
assay using unmodified 9L cells as targets. As shown in 
Figure 1, lymph node cells stimulated in vitro by 9L 
cells expressing antisense TGFJ32 exhibited significantly 

15 increased cytolytic activity against 9L cells than 

effector cells cultured in the presence of unmodified 9L 
cells. 



The effect of immunization on the survival of 
rats having intracranially implanted 9L gliosarcoma cells 

20 also was determined. 5 x 10 3 9L cells were implanted into 
the forebrain of rats on days 1 and 2. Beginning on day 
5, the rats were immunized four times on a twice per week 
schedule with either saline, 9L cells transduced with a 
control vector, 9L cells genetically modified to express 

25 antisense TGFB2, 9L cells transduced to express IL-2 or 
9L cells genetically modified to express antisense TGFJ32 
and IL-2. 



As shown in the Table, immunization with 
unmodified 9L cells (control) or 9L cells expressing IL-2 
30 resulted in survival of 30% of the immunized animals. 
Significantly, the survival of rats immunized with 9L 
cells transduced to express IL-2 was the same as rats 
immunized with unmodified 9L cells. In contrast, 100% 
survival was observed in rats immunized with 9L cells 
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that express antisense TGFB2, regardless of whether the 
9L cells also expressed IL-2. These results indicate 
that the expression of antisense TGFJ32 in a tumor cell 
that expresses TGFJ3 can render the tumor cells 
5 immunogenic in tumor bearing host. 

A retroviral vector encoding an antisense TGFB2 
also was constructed using the retroviral parental 
plasmid pLHCX, which is a modification of pLNCX in which 
the gene conferring neomycin drug resistance is replaced 

10 with a gene conferring hygromycin resistance. pLHCX was 
digested with Hindlll and Hpal and the linearized plasmid 
was purified from an agarose gel as described above. 
pSTGFbeta2 was digested with Xhol and the Xhol end was 
blunted by treatment with Klenow fragment of E. coli DNA 

15 polymerase I in presence of all four deoxynucleotides • 
After phenol extraction and ethanol precipitation the 
linearized pSTGFbeta2 was digested with Hindlll to 
release a 957 bp band, which contains 870 bp of the 
5' end of the TGFJ32 cDNA. Transduction of the tumor 
20 cells was performed as described above and transduced 
tumor cells selected by growth in the presence of 
hygromycin . 

Successful inhibition of TGFJ3 expression in the 
modified tumor cells was confirmed by determining TGFfl 

25 levels in the supernatant s of the modified cell cultures 
using the mink cell assay described above. Transgene 
expression also can be assessed at the RNA level using 
RNA isolated by the method of Chomczynski and Sacchi 
(Anal. Biochem. f 162:156-159 (1987), which is 

30 incorporated herein by reference). Briefly, transduced 
cells are lysed using lysis buffer containing 
4 M guanidinium thiocyanate, then the lysate is extracted 
using water-saturated phenol and chloroform to remove the 
cellular proteins. RNA is isolated by isopropanol 

35 precipitation and used to synthesize first strand cDNA 
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for mRNA PGR analysis or used for northern blot analysis. 
First strand cDNA is synthesized using the first strand 
CycleTM kit according to the manufacturer's 
recommendation (Invitrogen; San Diego CA) . 

5 In order to determine the level of in vitro 

transgene expression, RNA is isolated from cells that are 
recovered following subcutaneous injection into rats and 
is subjected to PCR analysis (Mullis and Faloona, Usth^. 
Enzvmol , , 155:335-350 (1987), which is incorporated 
herein by reference) . First strand cDNA is synthesized 
by the standard primer extension of oligo dT-primed mRNA 
usxng reverse transcriptase. PCR amplification is 
performed in 100 ^g/ml nuclease-free BSA, 35 200 yM each 
dATP, dGTP, dCTP and dTTP, template-DNA, 100 pmol each 
prxmer and 2.5 units Tag polymerase. Temperatures and 
cycle numbers that minimize fortuitous bands are selected 
176 l****™™* 1 "^™ (Hickey et al., Jt ExPt Mf>fi , 
176.811-187 (1992), which is incorporated herein by 
reference) . 



10 



20 Transcription efficiency is determined by 

northern blot analysis. Total RNA or mRNA aliquots are 
fractionated by electrophoresis in an agarose gel 
containing formaldehyde, then transferred to .a nylon 
membrane (Fakhrai and Mins, J, Biol . rhf>m, 267:4023-4029 
25 (1992); Morrissey et al., fieJLl 50:129-135 (1978), each of 
which is incorporated herein by reference). RNAse 
activity is inhibited by treating all glassware and 
solutions with diethylpyrocarbonate. 

Following transfer, the filters are dried in a 
vacuum oven at 80°C, prehybridized and hybridized in a 
cocktail containing 5X Denhardfs solution, 100 mM sodium 
Phosphate (pH 7.5), 0.5% SDS, 1 mM sodium pyrophosphate, 
100 „M ATP and 50% formamide (see Sambrook et al., supra 
1989). Prehybridization and hybridization are performed' 
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at 42 °C. Following hybridization, the filters are 
washed twice for 5 min each at room temperature with 
2X SSC/0.5% SDS, then twice for 1 hr each at 65 °C with 
0.1X SSC/0.1% SDS (IX SSC « 0.15 M NaCl, 0.015 M sodium 
5 acetate) and exposed to Kodak XAR-5 Film. Endogenous and 
antisense TGFfi transcripts are detected using riboprobes, 
which can hybridize to the RNA on the filters. 

Sense and antisense riboprobes are prepared by 
isolating the 1540 bp TGFJ32 cDNA insert in pSTGFB2 and 

10 subcloning the insert into pGEM-5ZF (Promega; Madison 
WI) . The sense or antisense strands are produced from 
the appropriate RNA polymerase promotor, SP6 or T7 , as 
described by the manufacturer. These full length RNA 
probes are used to detect sense and antisense TGFB 

15 nucleic acid sequences. Alternatively, unique 

restriction sites within the TGFJ52 cDNA can be used to 
linearize pSTGFJ32 and shorter, more specific sense or 
antisense RNA probes can be synthesized* 

For DNA analysis, 20 pig aliquots of genomic DNA 
20 isolated from recovered cells are digested with various 
restriction enzymes and size fractionated on a 1% agarose 
slab gel in 40 mM Tris-acetate/2 mM EDTA. Following 
electrophoresis, the DNA transferred to nylon membrane 
using 10X SSC (Sambrook et al, supra, 1989). The blots 
25 are hybridized with specific labeled probes as described 
above to detect the transgene of interest. 

B-* — Muring ovarian teratoma sells 

The results described above indicate that 
inhibition of TGFJJ expression in 9L gliosarcoma cells can 
30 enhance a host's systemic immune response to the tumor 
cells, regardless of whether an immunostimulatory agent 
such as IL-2 is present during immunization. However, 
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different results were observed when murine ovarian 
teratoma cells were examined. 

Murine ovarian teratoma (MOT) cells, which 
produce high levels of TGF6, cannot easily be grown in 
5 tissue culture and, therefore, cannot be genetically 
modified using a retroviral vector in vitro. Fresh MOT 
cells were isolated from murine ascites and were 
transfected with pCEP4 /TGG/32 , which expresses antisense 
TGFJ32 , by electroporation. Expression of TGFB in MOT 
cells and in MOT cells that were genetically modified to 
express antisense TGFJ32 was assayed using the mink lung 
epithelial cell assay. Endogenous TGFJJ transcripts are 
monitored by northern blot analyses utilizing sense and 
antisense specific riboprobes, as described above. 
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Packaged retroviral vector LNCX/IL2 was used to 
transduce allogeneic fibroblasts obtained from BALB/c 
mice to produce CE cells. Several transduced clones were 
selected and expression of IL-2 was determined using a 
commercially available kit (T-Cell Diagnostics, 
Cambridge, MA). The antisense TGFB2 modified MOT cells 
were mixed with CE cells and were injected into C3H mice. 
In control experiments, unmodified MOT cells, alone or 
xn combination with CE cells, or MOT cells genetically 
modified to express antisense TGF/32, alone, were injected 
25 into C3H mice. Fourteen days later, 1 x 10* live MOT 
cells were injected intraperitoneal ly into the mice and 
tumor growth was monitored. 



30 



In contrast to the results observed for 9L 
gliosarcoma cells, immunization only with MOT cells that 
were genetically modified to express antisense TGFJ32 did 
not significantly increase the survival of the animals 
(Figure 2). All of the unimmunized mice and the mice 
receiving MOT cells expressing antisense TGFB 2 were dead 
within four weeks. Immunization with unmodified MOT 
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cells or with a combination of MOT cells and CE cells 
resulted in survival of one or two mice, respectively. 
However, these results were not significantly different 
from results obtained for the unimmunized mice. In 
contrast, immunization with a combination of CE cells and 
MOT cells expressing antisense TGFB resulted in survival 
of five of seven mice after 42 days (Figure 2). 

The results of the experiments described herein 

indicate that, in some cases, immunization with a tumor 

cells that are genetically modified to prevent the 

expression of an immunosuppressive agent such as tumor 

cells modified to express an antisense TGFB2 combined 

with an immuno stimulatory agent such as IL-2 can 

significantly increase the survival of a host to a 

15 cancer. In particular, the results indicate that there 

is no detrimental effect of using the combined treatment, 

which prevents or inhibits expression of an 

immunosuppressive agent and provides an immunostimulatory 
agent . 
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Although the invention has been described with 
reference to the above examples, it is understood that 
various modifications can be made without departing from 
the spirit of the invention. Accordingly, the invention 
is limited only by the following claims. 
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We claim: 



1. A method of stimulating an immune response 
against a cancer, comprising administering to a subject 
an effective amount of tumor cells that are substantially 

5 similar to the subject's cancer cells and that are 

genetically modified to reduce or inhibit the expression 
of at least one immunosuppressive agent. 

2. The method of claim 1, wherein said tumor 
cells are derived from said subject. 

0 3. The method of claim 1, wherein said tumor 

cells are donor tumor cells. 



4. The method of claim 1, wherein said tumor 
cells are carcinoma cells , glioma cells, sarcoma cells, 
lymphoma cells, melanoma cells or leukemia cells. 

15 5 - The method of claim 1, wherein said 

immunosuppressive agent is TGF3, fibronectin, tenascin, 
pl5E or lymphocyte blastogenesis inhibitory factor. 

6. The method of claim 1, wherein. said 
immunosuppressive agent is TGF32. 

20 _ 7 » The method of claim 1, wherein said genetic 

modification to reduce or inhibit the expression of an 
immunosuppressive agent is accomplished by homologous 
recombination gene knock-out of a gene encoding said 
immunosuppressive agent in said tumor cell. 
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8. The method of claim 1, wherein said genetic 
modification to reduce or inhibit the expression of an 
immunosuppressive agent is accomplished by providing in 
said tumor cell an antisense nucleic acid sequence that 

5 hybridizes to a nucleic acid molecule encoding said 
immunosuppressive agent. 

9. The method of claim 1, further comprising 
administering an immunostimulatory agent to said subject. 

10. The method of claim 9, wherein said 
10 immunostimulatory agent is a cytokine. 

11. The method of claim 10, wherein said 
cytokine is interleukin-1 , interleukin-2 , interleukin-3, 
interleukin-4 , interleukin-5 , interleukin-6 , 
interleukin-7, interleukin-12 , interleukin-15 , 

15 gamma*- interferon, tumor necrosis factor, granulocyte 
colony stimulating factor or granulocyte-macrophage 
colony stimulating factor* 

12. The method of claim 10, wherein said 
cytokine is interleukin-2 . 

20 13* The method of claim 9, wherein said 

immunostimulatory agent is cytokine-expressing cells. 

14. A method of stimulating an immune response 
against a cancer, comprising administering to a subject 
an effective amount of tumor cells that are substantially 
25 similar to the subject's cancer cells and that are 

genetically modified to reduce or inhibit the expression 
of at least one immunosuppressive agent and to express at 
least one immunostimulatory agent. 



15. The method of claim 14, wherein said tumor 
30 cells are derived from said subject. 
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16. The method of claim 14, wherein said tumor 
cells are donor tumor cells. 

17. The method of claim 14, wherein said tumor 
cells are carcinoma cells, glioma cells, sarcoma cells, 

5 lymphoma cells, melanoma cells or leukemia cells. 

18. The method of claim 14, wherein said 
immunosuppressive agent is TGF0, fibronectin, tenascin 
P15E or lymphocyte blastogenesis inhibitory factor. 

ln . 19 * The me *hod of claim 14, wherein said 

10 immunosuppressive agent is TGF02. 

20. The method of claim 14, wherein said 
genetic modification to reduce or inhibit the expression 
of an immunosuppressive agent is accomplished by 
homologous recombination gene knock-out of a gene 
encoding said immunosuppressive agent in said tumor cell. 

21. The method of claim 14, wherein said 
genetic modification to reduce or inhibit the expression 
of an immunosuppressive agent is accomplished by 
providing in said tumor cell an antisense nucleic acid 
sequence that hybridizes to a nucleic acid molecule 
encoding said immunosuppressive agent. 

22. The method of claim 14, wherein said 
ixnmu^ostimulatory agent is the costimulatory B7 molecule, 
an MHC class I molecule, an MHC class II molecule or a 
known tumor antigen. 

23. The method of claim 14, wherein said 
unmunostimulatory agent is a cytokine. 
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24. The method of claim 23, wherein said 
cytokine is interleuk-n-1, interleukin-2, interleukin-3, 
interleukin-4 , interleukin-5 , interleukin-6 , 

interim kin-7, interleukin-12 , interleukin-15 , 
5 gamma- . uterferon, tumor necrosis factor, granulocyte 
colony stimulating factor or granulocyte-macrophage 
colony stimulating factor. 

25. The method of claim 23, wherein said 
cytokine is interleukin-2. 

10 26. A composition for stimulating an immune 

response against a cancer, comprising tumor cells that 
are genetically modified to reduce or inhibit the 
expression of at least one immunosuppressive agent. 

27. The composition of claim 26, wherein said 
15 tumor cells are derived from a subject to be treated. 

28. The composition of claim 26, wherein said 
tumor cells are donor tumor cells. 

29. The composition of claim 26, wherein said 
tumor cells are carcinoma cells, glioma cells, sarcoma 

20 cells, lymphoma cells, melanoma cells or leukemia cells. 

30. The composition of claim 26, wherein said 
immunosuppressive agent is TGF&, fibronectin, tenascin, 
pl5E or lymphocyte blastogenesis inhibitory factor. 

31. The composition of claim 26, wherein said 
25 immunosuppressive agent is TGF02 . 



32. The composition of claim 26, wherein said 
genetically modified tumor cells contain an inactivated 
gene encoding said immunosuppressive agent. 
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33. The composition of claim 26, wherein said 
genetically modified tumor cells contain an antisense 
nucleic acid sequence that hybridizes to a nucleic acid 
molecule encoding said immunosuppressive agent. 

5 34. The composition of claim 26, further 

comprising an immunostimulatory agent. 

35. The composition of claim 34, wherein said 
immunostimulatory agent is CE cells. 
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36. The composition of claim 26, wherein said 
genetically modified tumor cells are further genetically 
modified to express an immunostimulatory agent. 

37. The composition of claim 36, wherein said 
immunostimulatory agent is the costimulatory B7 molecule, 
an MHC class I molecule, an MHC class II molecule or a 

15 known tumor antigen. 

38. The composition of claim 36, wherein said 
immunostimulatory agent is a cytokine. 

39. The composition of claim 38, wherein said 
cytokine is interleukin-1, interleukin-2, interleukin-3 , 

20 mterleukin-4, interleukin-5 , interleukin-6, 
interleukin-7, interleukin-12, interleukin-15, 
gamma-interferon, tumor necrosis factor, granulocyte 
colony stimulating factor or granulocyte-macrophage 
colony stimulating factor. 

25 40 • The composition of claim 38, wherein said 

cytokine is interleukin-2. 
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FIGURE 1 
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FIGURE 2 



O 

>* re 
a p 

5 o 

2 to 

— w 

t— 0) 

o »- 

s c 

v to 

flt « 
o > 

<2 n — 

S; ok . 

^ u n 
5 3 Q 

< sS 

i— z 

CM 3 
-J ^ 

w (0 

° 5 

03 - < 

UJ 



5 
o 



2 

I 



I 



o 
a 



o 

o 
s 



1 

& 



3 



Q 



s s 



8 5 



BNSDOCID: <WO 9602 1 43 A 1 I > 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US95/09198 



| A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :A01N 83/00; C12N 15/00 

US CL :424/W.21; 435/172.3 
I According to International Patent Classification (IPC) or to both national classification and IPC 



I B. FIELDS SEARCHED 

j Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 424/93.21; 435/172.3 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields 



searched 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
Please See Extra Sheet. 



|C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



CANCER BIOTHERAPY, Volume 8, Number 2, issued 02 
November 1993, D.S. Gridley et al., "Effects of anti- 
transforming growth factor-^ antibody and interleukin-2 in 
tumor-bearing mice", pages 159-170, see entire document 

ADVANCES IN CANCER RESEARCH, Volume 60, issued 
1993, D. Suiitzeanu, "Immunosuppressive factors in human 
cancer", pages 247-263, see entire document. 

JOURNAL OF NEUROSURGERY, Volume 71, issued 1989, 
M.C. Kuppner et al., "Inhibition of lymphocyte function by 
glioblastoma-derived transforming growth factor 02". pages 
211-217, see entire document. 



Relevant to claim No. 



1-40 



1-40 



1-40 



I x) Further documents are listed in the 



continuation of Box C. 



□ See 



patent family annex. 



I "A* 



to ba of pertkaaW nkvaaos 
orW < —.iinUM i loo 



twntf ■■*» af *e art wfckfc it aot c 



sttpubtkfao 



fUmt dale or priority 



filint*ate 



tfoaaaaa* wftrrwg to aa oral 

doammm pabfiated prior to fee 
to* priority dato eaunnd 



priorify^dfcBir^«) or 



to awolvc on iovoativeatap 




ate of the actuaj eompletkm of the nuernariofial search 
13 NOVEMBER 1995 



I Date of mailing of the alternation*, aearch report 

1 28 NOV1995 



| Name and mailing add re** of the ISA/US 
ioQBrof Patent! i 



1 and Trademarks 



Box PCT 

WaaWnfton, D.C. 20231 

Faeaunile No. f7Q3) 305-3230 

Form PCT/ISA/210 (aecond abeetKiuly 1992)* 



Authorized officer 

BRIAN R. STANTOi 
Telephone No. 003) 308-0196 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US95/09198 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



P,Y 



P.Y 



Citation of document, with indication* where appropriate, of the relevant passages 



JOURNAL OF NEUROSURGERY, Volume 78, issued 1993, P. 
Jachimczak et aL, "The effect of transforming growth factors- 
specific phosphorothioate-anti-sense oligodeoxynucleo tides in 
reversing cellular immunosuppression in malignant glioma", pages 
944-951, see entire document. 

[HUMAN GENE THERAPY, Volume 5, issued 1994, R.L Tepper 
et al., "Experimental and clinical studies of cytokine gene- 
modified tumor cells", pages 153-164, see entire document. 

CELL GROWTH AND DIFFERENTIATION, Volume 4, issued 
February 1993, S.R Wu et al., "Repression of autocrine 
transforming growth factor 0, and ft in quiescent CBS colon 
carcinoma cells leads of progression of tumorigenic properties", 
pages 115-123, see entire document. 

I WO, A, 94/25588 (BIOGNOSTBC GESELLSCHAFT FUR 
I BIOMOLEKULARE DIAGNOSTTK MBH) 10 NOVEMBER 
1994, see entire document. 

[ WO, A, 95/07105 (SAN DIEGO REGIONAL CANCER 
CENTER) 16 MARCH 1995, see entire document 



Form PCT/ISA/210 (continuation of second sheetXJuly 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US95/09198 



B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base and where practicable terms used): 

Databases: CA; Aidsline; ANABSTR; BIOBUSINESS; BIOSIS; BIOTECH DS; CABA; CANCERLJT; CAPLUS 
CEABA; CEN; CIN; CJACS; CJELSEVIER; CONFSCI; DISSABS; DRUGB; DRUGLAUNCH; DRUGNL; DRUGU 
EMBAL; EMBASE; FSTA; GEN BANK; HEALSAFE; IHPAT; JICST-EPLUS; JPNEWS; LflFESCI; MEDLINE 
NTIS; OCEAN; PHIC; PHIN; PROMT; SCISEARCH; TOXLINE; TOXLIT; USPATFULL; APS 

Search Terms: immun?; cancer*; tumortf; ygf?; inhibit? antisense; homologous; recombin?; fakhai?/au; dorigo?/au; 
sorbol?/au; fibroncct?; tcnascin; p!5e; lymphocyte; bUcastog?; il?; interleukin?; cytokin?; immunostim?; cc; 
immunosuppres?; mhc?; antigen 



BNSDOCID: <*VO 



Form PCT/ISA/210 (extra iheet)(July 1992)* 



CORRECTED 
VERSION* 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER 



WORLD INTELLECTUAL PROPER 
International Bur 



(51) International Patent Classification 6 ; 
A01N 63/00, C12N 15/00 



Al 




(11) Into wo 9602143A1 

(43) International Publication Date: 1 February 1996 (01.02.96) 



(21) Internationa] Application Number; PCT/US95/09198 

(22) International Filing Date: 18 July 1995 (18.07.95) 



(30) Priority Data: 

08/276,694 



18 July 1994(18.07.94) 



(81) Designated States: AU, CA, JP. European patent (AT BE 
CH. DE, DK. ES. FR, GB, GR, IE, IT, LU, MC. NL PT 
SE). 



Published 

US With international search report. 



(71) Applicant: SIDNEY KIMMEL CANCER CENTER [US/US] 

Suite 200, 3099 Science Park Road, San Diego, CA 92121* 
(US). 

(72) Inventors: FAKHRAI, Habib; 8886 Caminito Primavera, La 
Jolla. CA 92037 (US). DORIGO, Oliver; 12622 Torrey 
Bluff Drive #348. San Diego, CA 92130 (US). SOBOL 
Robert E.; P.O. Box 5005-70, Rancho Santa Fe. CA 92067 
(US). 

(74) Agents: IMBRA. Richard, J. et al.; Campbell and Flores, Suite 
700, 4370 La Jolla Village Drive. San Diego, CA 92122 
(US). 



(54) Title: COMPOSITIONS AND METHODS FOR ENHANCED TUMOR CELL IMMUNITY IN VIVO 
(57) Abstract 

S^SiSSi ^JSSSS^^ ^ " UnmUnOStimulat ^ ^ invention Prides compositfons 



• (Referred to in PCT Gazette No. 10/1996. Section II) 
BNSDOCI0:<WO 9602143A1 IA> 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


All 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cote d* I voire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


cs 


Czechoslovakia 


LL* 


Luxembourg 


TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


n 


Finland 


ML 


Mali 


UZ 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











BNSDOCID: <WO 9602143A1 IA> 



WO 96/02143 PCT/US95/09198 

COMPQSITIQWS ANP METHODS FOR ENHA NCED TUMOR C rFMf 

IMMUNITY IN VTVO 



BACKGROUND OF THE INVENTION 

FIELD OF THF Tf JVENTION 



The present invention relates generally to 
anti-tumor vaccines and, more particularly, to the use of 
gene therapy to augment immunological functions in 
response to anti-tumor vaccines. 



BACKGROUND TNFORMATTfiftl 



10 Recent advances in our understanding of the 

biology of the immune system have lead to the 
identification of cytokines as important modulators of 
immune responses. Cytokines produced by lymphocytes are 
termed lymphokines. These agents mediate many of the 

15 immune responses to tumors. Several cytokines have been 
produced by recombinant DNA methodology and evaluated fo; 
their anti-tumor effects. 

The administration of lymphokines and related 
iinmunomodulators has produced some positive responses in 

20 patients with various types of neoplasms. However, 

current cytokine administration is frequently associated 
with toxic effects that limit the therapeutic value of 
these agents. For example, interleukin-2 (IL-2) is an 
important lymphokine in the generation of anti-tumor 

25 immunity. In response to tumor antigens, a subset of 
lymphocytes, helper T cells, secrete a small amount of 
IL-2, which acts locally at the site of tumor antigen 
stimulation to activate cytotoxic T cells and natural 
killer cells that mediate systemic tumor cell 

30 destruction. 



In addition to immunostimulatory agents such as 
cytokines, which positively regulate immune effector 
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functions, there also exist molecules that exhibit 
immunosuppressive activity. These immunosuppressive 
agents, if aberrantly regulated, can have detrimental 
effects on the induction of systemic immunity. For 
5 example, one or more isoforms of transforming growth 

factor-fl (TGFfl) can be an immunosuppressive agent that is 
secreted by many tumor types. Culture supernatants from 
tumor cells that secrete an immunosuppressive form of 
TGFfl can reduce tumor specific cytotoxicity in vitro. In 
10 these in vitro cytotoxicity assays, inhibition of TGFfl 
activity by expression of antisense TGFfl can enhance 
tumor cell cytotoxicity. 



Due, in part, to endogenous concentrations of 
immunosuppressive agents in a subject having a cancer, it 

15 cannot be predicted whether inhibiting the secretion of 
an immunosuppressive agent by the tumor cell will render 
the tumor cell immunogenic in vivo. For example, TGFfl 
secreted by cancer cells can circulate throughout a 
cancer patient and generally immunocompromise the 

20 patient. As a result, administration of tumor cells that 
are substantially similar to the patient's cancer cells 
and that are genetically modified to prevent the 
expression of an immunosuppressive agent would not 
necessarily be expected to stimulate the patient's immune 

25 response against the cancer cells. Similarly, the 

results of in vitro models of anti-tumor immune responses 
do not reliably predict the outcome of related immune 
system manipulations in vivo* 

The modulation of cytokine concentrations has 
30 been attempted as a means to enhance a cancer patient's 
immune response toward target cancer cells. For example, 
intravenous, intralymphatic or intralesional 
administration of IL-2 has produced clinically 
significant responses in some cancer patients. However, 
35 severe toxic effects such as hypotension and edema limit 
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the dose and efficacy of intravenous and intralymphatic 
IL-2 administration. The toxicity of systemically 
administered lymphokines is not surprising as these 
agents mediate local cellular interactions and normally 
5 are secreted only in very small quantities. In addition , 
intralesional administration of IL-2 can be difficult to 
accomplish and can cause significant patient morbidity. 

To circumvent the toxicity of systemic cytokine 
administration, an alternative approach involving 

10 cytokine gene transfer into tumor cells has produced 
anti-tumor immune responses in several animal tumor 
models. In these studies, the expression of cytokines 
following cytokine gene transfer into tumor cells 
resulted in a reduction in tumorigenicity of the 

15 cytokine-secreting tumor cells when implanted into 

syngeneic hosts . Reduction in tumorigenicity occurred 
using IL-2, gamma-interf eron or interleukin-4 . In 
studies employing IL-2 gene transfer, the treated animals 
also developed systemic ant i- tumor immunity and were 

20 protected against subsequent tumor cell challenges with 
unmodified parental tumor cells. Similar inhibition of 
tumor growth and protective immunity also was 
demonstrated when immunizations were performed with a 
mixture of unmodified parental tumor cells and tumor 
25 cells that were genetically modified to express IL-2. No 
toxicity was associated with localized lymphokine 
transgene expression in these animal studies. 

Cytokines also have been expressed in 
heterologous cell types such as fibroblasts, which were 

30 coinjected into a cancer patient with the patient's own 
cancer cells. Coinjection of cytokine-expressing cells 
yielded a similar induction of systemic anti-tumor 
immunity as produced by cytokine-expressing tumor cells. 
Nevertheless, while these gene transfer procedures can 

35 provide significant anti-tumor immunity compared to other 
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methods, a significant fraction of the patients do not 
respond optimally to such therapy. Thus, there exists a 
need to provide more effective methods to prevent or 
reduce the severity of a cancer in a patient . The 
5 present invention satisfies this need and provides 
related advantages as well. 



SVMHftgY OF THE INVENTION 



The present invention provides a method of 
preventing or reducing the severity of a cancer in a 

10 subject by stimulating the subject's immune response 

against the cancer. For example, a cancer patient can be 
immunized with tumor cells that are substantially similar 
to the subject's cancer cells but that are genetically 
modified to prevent the expression of at least one 

15 immunosuppressive agent. 

The invention also provides a method of 
stimulating a subject's immune response against a cancer 
by administering tumor cells that are substantially 
similar to the subject's cancer cells but that are 

20 genetically modified to prevent the expression of at 

least one immunosuppressive agent and to express at least 
one immunostimulatory agent such as a cytokine or a known 
tumor antigen. The invention further provides a method 
of stimulating a cancer patient's immune response against 

25 the cancer by co-administering to the subject an 

immunostimulatory agent such as an adjuvant, a cytokine 
or cytokine-expressing cells (CE cells), which are cells 
that are genetically modified to express a cytokine, and 
tumor cells that are substantially similar to the 

30 subject's cancer cells and that are genetically modified 
to prevent the expression of at least one 
immunosuppressive agent. 
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The invention also provides compositions useful 
for preventing or reducing the severity of a cancer in a 
subject by stimulating the subject's immune response 
against the cancer. A composition of the invention can 
contain tumor cells that are substantially similar to the 
subject's cancer cells and that are genetically modified 
to prevent the expression of at least one 
immunosuppressive agent. In addition, if desired, the 
genetically modified tumor cells can be further modified 
to express an immunostimulatory agent such as a cytokine 
or a known tumor antigen. A composition of the invention 
also can contain an immunostimulatory agent such as an 
adjuvant, a cytokine or CE cells and tumor cells that are 
substantially similar to the subject's cancer cells and- 
15 that are genetically modified to prevent the expression 
°f a t least one immunosuppressive agent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures l.A. and l.B. illustrate the in vitro 
anti-tumor lytic activity of lymph node effector cells 

20 from rats immunized with unmodified 9L gliosarcoma cells 
(Figure l.A.; 9L Immunized) or with 9L cells modified to 
express and secrete IL-2 (Figure l.B.; 9L/LNCX/IL-2 
Immunized) . Lymph node cells were harvested from 
immunized animals and stimulated In vitro in the presence 

25 of 50 BRMP units IL-2/ml medium with either unmodified 9L 
cells or 9L cells that were genetically modified to 
express an antisense TGFJ5. Target cells consisted of 
unmodified 9L cells. 



30 



Figure 2 illustrates the effect of immunization 
on the survival of mice injected with murine ovarian 
teratoma (MOT) tumor cells. Mice were immunized with 
either unmodified MOT cells (MOT), MOT cells genetically 
modified to express antisense TGF/3 (M0T/TGFJ3as ) , 
unmodified MOT cells and CE cells (MOT + IL2) or a 
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combination of MOT cells genetically modified to express 
antisense TGFfl and CE cells ( MOT/TGFlSas + IL-2). Control 
mice were not immunized ( Unimmunized) . Numbers on the 
right indicate surviving mice /total mice tested. 



5 DETAILED D ESCRIPTION OF THE INVENTION 

The present invention provides compositions 
that can effectively prevent or reduce the severity of a 
cancer in a subject and methods for using the- 
compositions. In particular, the invention provides 

10 compositions containing tumor cells that are genetically 
modified to reduce or inhibit the expression of one or 
more immunosuppressive factors normally produced by the 
tumor cells. Tumor cells that produce immunosuppressive 
factors are known in the art and are present, for 

15 example, in carcinomas, sarcomas, gliomas, melanomas, 
lymphomas and leukemias (Sulitzeanu, AdVt CfrUCt Res y 
60:247-267 (1993), which is incorporated herein by 
reference). Whether a cancer is producing an 
immunosuppressive agent can be readily determined using 

20 methods as described herein or otherwise known in the 
art. 

A composition of the invention contains tumor 
cells that are genetically modified to provide an 
enhanced systemic immune response against a cancer by 
25 preventing or reducing the expression of one or more 
immunosuppressive agents by the tumor cells. It is 
recognized, therefore, that prior to genetic 
modification, the tumor cells are characterized, in part, 
by their ability to express an immunosuppressive agent. 

30 A composition of the invention can contain the 

genetically modified tumor cells, alone, or in 
combination with an immunostimulatory agent such as a 
cytokine or cytokine-expressing cells (CE cells), which 
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are cells that are genetically modified to express a 
cytokine* A composition of the invention also can 
contain tumor cells that are genetically modified to 
reduce or inhibit the expression of an immunosuppressive 
5 agent and are further genetically modified to express an 
immunostimulatory agent such as a cytokine or a known 
tumor antigen. The compositions of the invention are 
advantageous over existing cancer vaccines because the 
disclosed compositions, when administered to a subject, 
10 can provide superior modulation of the subject's immune 
functions. 

As used herein, the term "preventing or 
reducing the severity of a cancer" means that the 
clinical signs or symptoms of the cancer in a subject are 

15 indicative of a beneficial effect to the subject due to 
stimulation of the subject's immune response against the 
cancer. The prevention of a cancer can be indicated by 
an increased time before the appearance of a cancer in a 
subject that is predisposed to developing a cancer. A 

20 subject can be predisposed to developing a cancer due, 
for example, to a genetic predisposition or to exposure 
to a carcinogenic agent. A reduction in the severity of 
a cancer can be indicated by a decrease in size or in 
growth rate of the tumor, which can be determined using 

25 various imaging methods. The prevention or reduction in 
the severity of a cancer also can be determined 
indirectly by detecting the activation of immunoef f ector 
functions in a subject such as the activation of tumor 
cytolytic immunoef f ector cells. 

30 .A composition of the invention can prevent or 

reduce the severity of a cancer by stimulating an immune 
response against the cancer. As used herein, the term 
"stimulating an immune response" means that an immune 
response is induced or that the activity of 

35 immunoef fee tor cells is enhanced in response to 
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administration to a subject of a composition of the 
invention. Stimulation of an immune response can be 
indicated by comparing the immune functions of a subject 
prior to administration of a composition with the immune 
5 functions following administration. Immune functions can 
be determined using methods described below or otherwise 
known in the art for measuring a humoral or cellular 
immune response. Prevention or a reduction in the 
severity of a cancer as indicated by the methods 
10 described herein are an indication that the subject's 
immune response against the cancer has been stimulated. 

In one embodiment , tumor cells are removed from 
a subject having a cancer, which is characterized, in 
part, by cancer cells that express at least one 

15 immunosuppressive agent such as an immunosuppressive 
isoform of TGFJ3, and the tumor cells are genetically 
modified to reduce or inhibit the expression of the 
immunosuppressive agent. Methods for genetically 
modifying a cell are known in the art and described in 

20 detail below. Although the tumor cells to be genetically 
modified can be obtained from the subject to be treated, 
they also can be obtained from a source other than the 
cancer patient, provided the tumor cells are 
substantially similar to the subject's cancer, cells and 

25 express an immunosuppressive agent. Tumor cells can be 
obtained from a source other than the subject to be 
treated if, for example, the subject's own tumor cells 
are not accessible or the subject is predisposed to, but 
does not yet have, cancer. 



30 As used herein, the terms "tumor cell" and 

"cancer cell" are used interchangeably to mean a 
malignant cell. A tumor cell can occur in and can be 
obtained from a solid tumor such as a sarcoma, carcinoma, 
melanoma, lymphoma or glioma or a more diffuse cancer 

35 such as a leukemia. Tumor cells can be obtained from a 
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subject having a cancer, from a donor subject having a 
cancer that is the same or substantially similar to the 
cancer in the subject to be treated or from a tumor cell 
repository. For convenience, the term "donor tumor cell" 
5 is used to mean tumor cells that are obtained from a 
source other than the subject to be treated. 

It is recognized that a patient's cancer cells 
may or may not express an immunosuppressive agent* 
However, only if the patient's cancer cells express one 

10 or more immunosuppressive agents are the cancer cells 

genetically modified to reduce or inhibit the expression 
of the immunosuppressive agent(s). A subject's cancer 
cells that do not express an immunosuppressive factor can 
be genetically modified to express an immunostimulatory 

15 agent as described below. 

As used herein, the term "tumor cells that are 
substantially similar to the subject's cancer cells" 
means tumor cells such as allogeneic tumor cells that are 
of the same or similar histologic type as the subject's 

2 0 cancer cells or that express a tumor specific or tumor 
associated antigen that is the same or similar to an 
antigen expressed by the subject's cancer cells . Such 
tumor antigens are known in the art (see, for example, 
Finn, Curr. Qpin. Immunol. 5:701-708 (1993), which is 

25 incorporated herein by reference) • For convenience of 
discussion, the subject's own tumor cells are considered 
to be within the meaning of this term. Allogenic tumor 
cells that are substantially similar to the subject's 
cancer cells can be identified, for example, using 

30 histological, histochemical, biochemical, molecular 
biological or immunological methods well known in the 
art. 

As used herein, the term "immunosuppressive 
agent" refers to a gene product that has an inhibitory 
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effect on the functions of the immune response. An 
immunosuppressive agent can interfere, for example, with 
the function of a cytokine or can inhibit or suppress the 
immune response by other mechanisms . Immunosuppressive 
5 agents are known in the art and include, for example, 
TGF&, lymphocyte blastogenesis inhibitory factor, the 
retroviral pl5E protein, suppressive E-receptor (see 
Sulitzeanu, supra, 1993) and extracellular matrix 
molecules such as fibronectin and tenascin (Olt et al., 

10 Cancer 70:2137-2142 (1992); Hemasath et al. . J. Immunol. 
152:5199-5207 (1994), each of which is incorporated 
herein by reference) . It is recognized, for example, 
that various isoforms of TGFJ3 such as TGFfll, TGFJ32, 
TGFJ53, TGFB4 and TGFB5 exist (see, for example, Roszman 

15 et al., Immunol. Today . 12:370-274 (1991); Constam et 

al., J. Immunol. , 148:1404-1410 (1992); Elliot et al., jL. 
Neuro-Oncology . 14:1-7 (1992), each of which is 
incorporated herein by reference) and that the 
immunosuppressive effect of one or more of these isoforms 

20 of TGFJ5 depends, for example, on the target cell. The 

term "TGFfl" is used generally herein to mean any isoform 
of TGFJ3, provided the isoform has immunosuppressive 
activity. 



As used herein, the term "express an 
25 immunosuppressive agent" means that the tumor cells 

produce an immunosuppressive agent. As used herein, the 
term "reduce or inhibit the expression of an 
immunosuppressive agent" is used in its broadest sense to 
mean that the level of an RNA molecule encoding an 
30 immunosuppressive agent or the level or activity of the 
immunosuppressive agent, itself, is reduced to a level 
that is less than the level expressed prior to the 
genetic modification. The terms "reduce" and "inhibit" 
are both used because, in some cases, the level of 
35 expression of an immunosuppressive agent can be reduced 
to a level that is below the level detectable by a 
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particular assay and, therefore, it cannot be determined 
whether expression of the immunosuppressive agent is 
reduced or is completely inhibited. Use of the term 
"reduce or inhibit" prevents any potential ambiguity due, 
5 for example, to the limitations of a particular assay. 

Reduction or inhibition of expression of an 
immunosuppressive agent that is expressed by a tumor cell 
can be accomplished using known methods of genetic 
modification (for review, see Mercola and Cohen, Cane. 

10 Gene Ther. 2:47-59 (1995)). For example, a tumor cell 
expressing an immunosuppressive agent such as an 
immunosuppressive isoform of TGF/3 can be genetically 
modified such that the expression of the TGFJ3 is reduced 
or inhibited using a homologous recombination gene 

15 "knock-out" method (see, for example, Capecchi, Nature 
344:105 (1990) and references cited therein; Roller et 
al., Science r 248:1227-1230 (1990); Zijlstra et al., 
Nature r 342:435-438 (1989), each of which is incorporated 
herein by reference; see, also, Sena and Zarling, Nat. 

20 Genet. , 3:365-372 (1993), which is incorporated herein by 
reference). The homologous recombination gene knock-out 
method provides several advantages. For example, 
expression of a gene encoding an immunosuppressive agent 
such as a TGF13 gene in a tumor cell can be inhibited 

25 completely if both alleles of the target gene are 
inactivated. In addition to providing complete 
inhibition of the immunosuppressive agent, the method of 
homologous recombination gene knock-out is essentially 
permanent. 

30 The expression of an immunosuppressive agent by 

a tumor cell also can be reduced or inhibited by 
providing in the tumor cell an antisense nucleic acid 
sequence, which is complementary to a nucleic acid 
sequence or a portion of a nucleic acid sequence encoding 

35 an immunosuppressive agent such as an immunosuppressive 
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isoform of TGFJ3. Methods for using an antisense nucleic 
acid sequence to inhibit the expression of a nucleic acid 
sequence are known in the art and described, for example, 
by Godson et al . , J. Biol, Chem. . 268:11946-11950 (1993), 
5 which is incorporated herein by reference. Expression of 
an immunosuppressive agent by a tumor cell also can be 
reduced or inhibited by providing in the tumor cell a 
nucleic acid sequence encoding a ribozyme, which can be 
designed to recognize and inactivate a specific mRNA such 

10 as a mRNA encoding an immunosuppressive isoform of TGFJ5 

(see, for example, McCall et al., Proc. Natl. Acad. Sci , . 
USA,. :89:5710-5714 (1992); Cremisi et al., Proc. Natl. 
Acad. Sci.. USA . 89:1651-1655 (1992); Williams et al., 
Proc. Natl. Acad. Sci.. USA . 89:918-921 (1992); Neckers 

15 and Whitesell, Amer. J. Physiol. 265:L1-12 (1993); 

Tropsha et al., J. Mol. Recoa. 5:43-54 (1992), each of 
which is incorporated herein by reference ) . 

The expression of an immunosuppressive agent by 
a tumor cell also can be reduced or inhibited by 

20 genetically modifying the tumor cell to express a binding 
protein that can bind the immunosuppressive agent and 
render it inactive. For example, the tumor cell can be 
genetically modified to express a natural receptor for 
the immunosuppressive agent such as a TGFJi 2 neceptor if 

25 the immunosuppressive agent is TGFJ32 or to express an 
antibody such as a single chain antibody that can 
specifically bind an immunosuppressive agent in the tumor 
cell (Duan et al., Prpc . fljitl, Acad t VSA 91:5075- 

5079 (1994); Buonocore and Rose, Proc. Natl. Acad. Sci.. 

30 USA 90:2695-2699 (1993), each of which is incorporated 
herein by reference) . Expression in the tumor cell of 
such a binding protein can decrease the available 
immunosuppressive agent and, as a consequence, reduce or 
inhibit immunosuppression of a subject's immune response 

35 against a cancer. 
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Various assays to determine whether a subject's 
cancer cells express an immunosuppressive agent such as 
an immunosuppressive isoform of TGFJ3 are available and 
known to those skilled in the art. For example, a 
5 radioimmunoassay or enzyme linked immunosorbent assay can 
be used to detect a specific immunosuppressive agent in a 
serum or urine sample obtained from a subject. Other 
assays such as the mink lung epithelial cell assay can be 
used, for example, to identify the activity of a TGFB 
such as TGFJ31 or TGFJ32 activity (see Example I). A 
biopsy of the tumor can be examined, for example, 
immunohistochemically for the expression of an 
immunosuppressive agent. In addition, the tumor cells 
can be evaluated by northern blot analysis , reverse 
15 transcriptase-polymerase chain reaction or other known 
methods (see, for example, Erlich, PGR Technology « 
Princ i ple And applications for dna amp lification 
(Stockton Press 1989); Sambrook et al., Molecular 

Cloning: A laboratory manual (Cold Spring Harbor 

Laboratory Press 1989), each of which is incorporated 
herein by reference) . 



10 



20 



As disclosed herein, reducing or inhibiting the 
expression of an immunosuppressive agent by a tumor cell 
can attenuate the immunosuppressive effect of the agent 
25 and allow natural immune functions to work even in the 
presence of the endogenous circulating immunosuppressive 
agent. Thus, tumor cells that are genetically modified 
to reduce or inhibit the expression of an 
immunosuppressive agent can be useful as a vaccine to 
prevent or reduce the severity of a cancer in a subject 
by stimulating the subject's immune response against the 
cancer • For example, tumor cells that are genetically 
modified by homologous recombination gene knock-out of a 
gene encoding an immunosuppressive agent or by expressing 
an antisense nucleic acid sequence can be administered to 
a cancer patient to stimulate an immune response against 



30 



35 
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the cancer and, thereby, reduce the severity of the 
cancer . 

Such genetically modified tumor cells also can 
be used as a vaccine in a subject predisposed to 
5 developing a cancer in order to prevent a cancer from 
occurring in the subject. Such a vaccine can be 
produced, for example, by obtaining donor tumor cells 
that are substantially similar to the suspect cancer. 
Such donor tumor cells can be obtained, for example, from 

10 a donor subject having a cancer that is the same or 
substantially similar to the suspect cancer and 
genetically modifying the donor tumor cells to reduce or 
inhibit the expression of an immunosuppressive agent. 
The genetically modified donor tumor cells can be 

15 administered to the subject alone or in combination with 
an immunostimulatory agent such as an adjuvant or CE 
cells in order to stimulate the subject's immune response 
against the cancer . 

In another embodiment, tumor cells are removed 
20 from a patient having a cancer and genetically modified 
to reduce or inhibit the expression of the 
immunosuppressive agent and further modified to express 
and secrete one or more immunostimulatory agents such as 
a cytokine or a known tumor antigen. The expression of 
25 an immunostimulatory agent in combination with the 

removal of the inhibitory effect of an immunosuppressive 
agent can augment positive immune functions in a subject. 
Such immune stimulation can effectively enhance the 
effect provided by reducing or inhibiting the expression 
30 of an immunosuppressive agent in a tumor cell. As a 
result, the genetically modified tumor cells can be 
particularly effective as a vaccine to prevent or reduce 
the severity of a cancer in a subject. 
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As used herein, the term "immunostimulatory 
agent" is used in its broadest sense to mean a molecule 
that can positively effect the immunoresponsiveness of a 
subject. For example, an immunostimulatory agent can be 
an adjuvant such as BCG (see Harlow and Lane, Antibodies- 
h l aboratory mflnv i fil (Cold Spring Harbor Laboratory Press 
1988); Mishell and Shiigi, Selected Methods in Cellnlar 
Immunology (W.H. Freeman and Co. (1980)), each of which 
is incorporated herein by reference) or can be a gene 
product that can be administered locally or systemically 
to a subject or expressed in a cell. A tumor cell or a 
normal cell such as a fibroblast or an antigen presenting 
cell can be genetically modified to express an 
immunostimulatory agent that is a gene product. 
15 Immunostimulatory agents that are gene products are known" 
in the art and include, for example, cytokines, the 
costimulatory B7 molecule (Baskar et al., Proe. Natl . 
Acad. Sci., Vfjfi 90:5687-5690 (1993); Townsend and 
Allison, Science 259:368-370 (1993); Tan et al., ^ 
20 Immunol . 149:32217-3224 (1992), each which is 

incorporated herein by reference), autologous MHC class I 
and class II molecules (Plautz et al., Proc. Natl. Acrari. 
Scj . , V8A 90:4645-4649 (1993); Hui et al., Ferns 
Microbiol,, IimminpJ t 2:215-221 (1990); Ostrand-Rosenberg 
25 et al., J t Immunol , 144:4068-4071 (1990), each of which 
is incorporated herein by reference), allogeneic 
histocompatability antigens such as HLA-B7 (Nabel et al . , 
Prpc. Natlt Aca , ti t Scj w ygA 90:11307-11311 (1993), which 
is incorporated herein by reference) and known tumor 
30 antigens (Finn, supra, 1993). For example, a tumor cell 
may not express an MHC class I or II molecule and, as a 
result, does not induce an optimal immune response. In 
this case, the MHC molecule can be an immunostimulatory 
agent, since, by expressing the MHC molecule in the tumor 
35 cell, the modified tumor cell can induce an immune 

response. Methods for determining whether a tumor cell 
expresses a particular immunostimulatory agent are known 
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in the art and can be used to determine whether the tumor 
cell should be genetically modified to express a 
particular immunostimulatory agent. 



A known tumor antigen can be particularly 
5 useful as an immunostimulatory agent. Various tumor 

antigens, including, for example, epithelial cell mucin, 
which is encoded by the MUC-1 gene, and the melanoma 
antigen, MZ2-E, which is encoded by the MAGE-1 gene, are 
associated with particular tumor cells (Finn, supra, 

10 1993). Genetically modifying a tumor cell to express a 
known tumor antigen can be particularly useful when the 
tumor cells to be administered to a subject to be treated 
are not obtained from that subject. For example, it may 
not be possible to obtain a sufficient number of tumor 

15 cells from a cancer patient. In this case, donor tumor 
cells, which may not express one or more particular tumor 
antigens that are known to be expressed by the subject's 
cancer cells, can be obtained and can be genetically 
modified to express the particular tumor antigen. The 

20 donor tumor cells also will be genetically modified to 
reduce or inhibit the expression of an immunosuppressive 
agent. Upon administration of the genetically modified 
donor tumor cells to the subject, the subject's immune 
response against the cancer can be stimulated against the 

25 subject's cancer. Such genetically modified- donor tumor 
cells also can be useful as a vaccine to prevent the 
development of a cancer in a subject predisposed to 
developing a particular cancer. 

A cytokine can be useful as an 
30 immunostimulatory agent. As used herein, the term 

"cytokine" refers to a member of the class of proteins 
that are produced by cells of the immune system and 
positively regulate or modulate effector functions of the 
immune response. Such regulation can occur within the 
35 humoral or the cell mediated immune response and can 
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modulate the effector functions of T cells, B cells, 
macrophages, antigen presenting cells or other immune 
system cells. Specific examples of cytokines include, 
for. example, interleukin-1 , interleukin-2 , interleukin-3 , 
5 interleukin-4, interleukin-5 , interleukin-6 , 
interleukin-7 , interleukin- 1 0 , interleukin- 12 , 
interleukin-15 , gamma-interf eron, tumor necrosis factor, 
granulocyte colony stimulating factor and granulocyte- 
macrophage colony stimulating factor. 

10 It is recognized that the expression of 

specific combinations of cytokines can be particularly 
useful for stimulating an immune response. For example, 
expression of gamma-inter f eron, IL-2 and interleukin- 12 
can stimulate T cells of the T helper-1 class, which are 

15 involved in the cellular immune response. Thus, it can 
be particularly useful to genetically modify tumor cells 
to reduce or inhibit the expression of one or more 
immunosuppressive agents, then to individually further 
modify aliquots of the cells to express gamma-interf eron 

20 or IL-2 or interleukin- 12 . A composition comprising a 
combination of such genetically modified tumor cells can 
be administered to a subject to stimulate, in particular, 
a cellular immune response against the tumor cells. 

In some cases, it can be difficult to obtain a 
25 sufficient number of cancer cells from a patient. Donor 
tumor cells that are genetically modified to reduce or 
inhibit the expression of an immunosuppressive agent and, 
if desired, further modified to express a known tumor 
antigen or a cytokine can be used to stimulate an immune 
30 response in such a patient. The genetically modified 

donor tumor cells also can be used to prevent a cancer in 
a normal subject or in a subject suspected of developing 
a cancer. Subjects that are predisposed to developing a 
cancer are known and can be identified using methods of 
35 genetic screening (Mao et al., Cane. Res. 54(Suppl.): 
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1939s-1940s (1994); Garber and Diller, Curr. Opin. 
Pediatr. 5:712-715 (1993). Such subjects can be 
predisposed to developing, for example , retinoblastoma, 
breast cancer or colon cancer. 

5 A panel of genetically modified donor tumor 

cells, which can represent various histologic tumor types 
and express various known tumor antigens such as M22-E or 
mucin (see Finn, supra, 1993), can be prepared. Such a 
panel of genetically modified donor tumor cells can be 

10 maintained in a cell repository and are readily available 
for ^administration to a subject predisposed to developing 
a particular cancer. One or more tumor cell lines in 
such a panel can be used to stimulate a cancer patient *s 
immune response against the patient • s cancer. The 

15 skilled artisan can select an appropriate genetically 
modified donor tumor cell from the panel based, for 
example, on the histologic type of tumor the subject has 
or is predisposed to developing. If desirable, the 
artisan can further genetically modify a tumor cell 

20 obtained from such a panel depending on the particular 
characteristics of the cancer in the subject to be 
treated. 

In still another embodiment, cancer cells are 
removed from a patient having a cancer, which is 

25 characterized, in part, by expressing an 

immunosuppressive agent, or donor tumor cells are 
obtained and the cells are genetically modified to reduce 
or inhibit the expression of the immunosuppressive agent. 
The genetically modified tumor cells then are combined 

30 with an immunostimulatory agent such as CE cells or an 
adjuvant to provide a composition that can be used to 
stimulate the cancer patient's immune response. 

As used herein, the term "CE cell" or 
"cytokine-expressing cell" means a cell such as a 
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fibroblast or an antigen presenting cell that is 
genetically modified to express and secrete one or more 
cytokines. As described above , the use of the cytokine 
gene therapy can augment positive immune functions in a 
5 subject in combination with the repression of the 

inhibitory effects of an immunosuppressive agent. A CE 
cell can be an autologous cell, which is obtained from 
the subject to be treated, or can be an allogeneic cell, 
which can be obtained, for example, from a donor subject 
10 or from a cell repository. It is recognized that cells 
to be used as CE cells must be examined to determine 
whether they express an immunosuppressive agent. If the 
cells express an immunosuppressive agent, they can be 
genetically modified to reduce or inhibit the expression 
15 of the agent using the methods described herein. 

The invention also provides methods for 
preventing or reducing the severity of a cancer in a 
subject. Such a method can consist, for example, of 
stimulating the subject's immune response against the 

20 cancer by administering to the subject an effective 

amount of tumor cells that are substantially similar to 
the subject's cancer cells and that are genetically 
modified to prevent the expression of at least one 
immunosuppressive agent. In addition, the genetically 

25 modified tumor cells can be further modified to express 
and, if desirable, secrete an immunostimulatory agent or 
can be administered in combination with an 
immunostimulatory agent such as an adjuvant or an 
effective amount of a cytokine or of CE cells (see, for 

30 example, Khan et al. . Pharm. Res. 11:2-11 (1994); 

Audibert and Lise, Immunol. Today 14:281-284 (1993), each 
of which is incorporated herein by reference). 

As used herein, the term "effective amount" 
means an amount of a substance such as the genetically 
35 modified tumor cells, alone, or in combination with an 
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immunostimulatory agent such as a cytokine or CE cells, 
that can stimulate an immune response to prevent or 
reduce the , severity of a cancer in a subject. Such an 
effective amount can be determined using assays for 
5 determining the activity of immunoef f ector cells 

following administration of the substance to the subject 
or by monitoring the effectiveness of the therapy using 
well known in vivo diagnostic assays as described below. 



Based merely on in vitro experiments, it 

10 previously was suggested that the expression of TGFJ3 by a 
tumor cell inhibited immunoef feet or functions against the 
tumor cell and that the inhibition of TGFfi expression in 
such tumor cells would render the cells more susceptible 
to immunoef f ector cells (Hachimczak et al., J. Neurosurg. 

15 78:944-951 (1993)). However, in vitro experiments to 

examine the immunorespons ivenes s of immunoef f ector cells 
against tumor cells following a particular treatment in 
vitro is not necessarily predictive of in vivo efficacy 
of the therapy. For example, rats were immunized with 9L 

20 gliosarcoma cells or 9L cells that had been genetically 
modified to express IL-2. When anti-tumor lytic activity 
of lymph node effector cells was examined in vitro, it 
was observed that in vitro-stimulated immunoef fee tor 
cells obtained from the rats immunized with the 

25 genetically modified gliosarcoma cells had greater 

cytolytic activity against target 9L gliosarcoma cells 
and greater natural killer cell activity than in vitro- 
stimulated immunoef f ector cells obtained from unimmunized 
rats or rats immunized with unmodified 9L gliosarcoma 

30 cells (Figure 1; see, also, Example I). If such in vitro 
results were predictive of in vivo efficacy, it would 
have been expected that immunization of rats with the IL- 
2 modified gliosarcoma cells would produce a greater 
immune response in the rats against 9L tumor cells. 

35 However, no significant difference in animal survival was 
observed in rats that were injected with 5 x 10 3 9L 
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gliosarcoma cells on days 1 and 2, then immunized twice 
per week for two weeks, beginning on day 5, with 
unmodified or with IL-2 modified 9L cells (see Table, 
below) ♦ Furthermore, previous in vitro studies showed 
5 that IL-2 and antibodies to TGFfl could significantly 
counteract TGFB-induced depression in lymphocytes. 
However, when administered in vivo, these treatments 
resulted in either no anti-tumor effects or enhanced 
tumor growth (Gridley et al., Cane. Bioth^T-. 8:159-170 
10 (1993)). Thus, in vitro results are not necessarily 
predictive of in vivo efficacy of a treatment. 

Moreover, although expression of an antisense 
TGFfi nucleic acid sequence ("antisense TGFJ3") in 9L 
gliosarcoma cells rendered the gliosarcoma cells 
15 immunogenic in vivo (see Table I, below), this was not 
the case in another animal model. Specifically, when 
antisense TGF/J was expressed in ovarian carcinoma cells, 
the genetically modified cells were no more immunogenic 
than the ovarian carcinoma cells administered alone or in 

20 combination with IL-2-producing CE cells (see Figure 2). 
However, when a composition of ovarian tumor cells that 
had been genetically modified to express antisense TGFJ3 
was administered to an experimental animal in combination 
with IL-2-producing CE cells, an immune response was 

25 stimulated against the tumor cells. Thus, as disclosed 
herein, the present invention provides methods for 
stimulating an immune response in a subject against the 
subject's cancer cells by immunizing the subject with 
tumor cells, which are genetically modified to prevent 

30 expression of an immunosuppressive agent, alone or in 
combination with an immunostimulatory agent. 

The methods of tumor immunotherapy described 
herein utilize the genetic modification of tumor cells, 
which results in the reduction or inhibition of 
35 expression of one or more immunosuppressive agents by the 
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tumor cells. Homologous recombination gene knock-out is 
particularly useful for reducing or inhibiting the 
expression of an immunosuppressive agent because it 
results in essentially total and permanent inhibition of 
5 expression of the immunosuppressive agent. Expression of 
an antisense nucleic acid sequence also can reduce or 
inhibit the expression of the immunosuppressive agent by 
the tumor cell. Regardless of the method for reducing or 
inhibiting expression of an immunosuppressive agent by a 

10 tumor cell, administration of the genetically modified 

tumor cells to a subject can stimulate a subject's immune 
response against a cancer. Thus, the disclosed methods 
are useful for reducing the severity of an existing tumor 
in a subject or for preventing the occurrence of a cancer 

15 in a subject predisposed to developing a cancer. 



Tumor cells that show enhanced efficacy as an 
anti-tumor vaccine due to reduction or inhibition of 
expression of one or more immunosuppressive agents can be 
used therapeutically to treat a subject for a particular 
20 cancer. Tumor cells to be genetically modified can be 

obtained, for example, by biopsy from the subject having 
the cancer, which is characterized, in part, by 
expressing one or more immunosuppressive agents, and the 
tumor cells can be genetically modified to inhibit the 
25 expression of the immunosuppressive agent(s) :r 

Alternatively, as described above, donor tumor cells can 
be obtained and genetically modified. The genetically 
modified tumor cells then can be administered to the 
subject. 

It is recognized that the tumor cells to be 
administered should be viable. However , administration 
of viable tumor cells to a subject requires that the 
tumor cells be inactivated so they do not grow in the 
subject. Inactivation can be accomplished by any of 
various methods, including, for example, by irradiation, 
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which is administered to the cells at a dose that 
inhibits the ability of the cells to replicate but does 
not initially kill the tumor cells. Such viable tumor 
cells can present tumor antigens to the patient's immune 
5 system but cannot multiply and form new tumors. 

Once the tumor cells are obtained from either 
the subject to be treated, a donor subject or an 
established cell line, the tumor cells are genetically 
modified such that expression of one or more 

10 immunosuppressive agents expressed by the tumor cell is 
reduced or inhibited (see Example II). Genetic 
modification is advantageous over other methods for 
inhibiting expression of the immunosuppressive agent in 
that it is efficient, specific for the intended gene 

15 product and can provide sustained inhibition of the 

expression of one or more immunosuppressive agents. As 
described above, methods of genetic modification include, 
for example, homologous recombination, which can 
permanently and completely inactivate the gene encoding 

20 the immunosuppressive factor, or expression of a ribozyme 
or an antisense nucleic acid sequence in a cell, which 
can inhibit or inactivate one or more steps involved in 
transcription, processing or translation of a nucleic 
acid molecule encoding the immunosuppressive agent. In 
25 addition, genetic modification can result in the 

expression in the tumor cell of a binding protein such as 
an antibody, which can specifically bind to an 
immunosuppressive agent and prevent the immunosuppressive 
activity. 

30 Homologous recombination gene knock-out is an 

effective method of reducing or inhibiting expression of 
an immunosuppressive agent because of the complete and 
sustained inhibition of expression of the agent. In 
addition, antisense methods for reducing or inhibiting 

35 expression of an immunosuppressive agent are useful as 
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disclosed herein. Antisense methods involve introducing 
into the tumor cell a nucleic acid sequence that is 
complementary" to and can hybridize to the target nucleic 
acid molecule, which encodes the immunosuppressive agent, 
5 in a cell. An antisense nucleic acid sequence can be a 
chemically synthesized oligonucleotide, which can be 
introduced into the tumor cells by methods of 
transf ection, or can be expressed from a vector, which 
can be stably introduced into the tumor cell using well 

10 known methods (see, for example, Sambrook et al., supra, 
1989 ) . One in the art would know that the ability of 
such a complementary nucleic acid sequence to hybridize 
to the target nucleic acid sequence depends, for example, 
on the degree of complementarity shared between the 

15 sequences, the length of the antisense nucleic acid 

sequence, which generally is an oligonucleotide that is 
at least ten nucleotides in length, and the GC content of 
the oligonucleotide (see Sambrook et al. , supra, 1989). 

A recombinant vector can be used to express an 

20 antisense nucleic acid sequence in the tumor cells. Such 
vectors are known or can be constructed by those skilled 
in the art and contain the expression elements necessary 
to achieve, for example, sustained transcription of an 
antisense nucleic acid sequence. Examples of vectors 

25 include viruses such as bacteriophages, baculoviruses and 
retroviruses and DNA viruses, cosmids , plasmids or other 
recombination vectors (Jolly, Cane. Ge ne Ther. 1:51-64 
(1994), which is incorporated herein by reference). The 
vectors can also contain elements for use in procaryotic 

30 or eukaryotic host systems or, if desired, both systems. 
One of ordinary skill in the art would know which host 
systems are compatible with a particular vector. Vectors 
that result in high levels of sustained expression of the 
antisense nucleic acid sequences can be particularly 

35 useful. 
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Examples of useful viral vectors, for example, 
include adenovirus and adenovirus-associated vectors 
(see, for example, Flotte, J. BioeneraV Biomgmb. , 25:37- 
42 (1993) and Kirshenbaum et al . , J. Clin. Invest r 
5 92:381-387 (1993) , each of which is incorporated herein 
by reference) . Vectors are particularly useful when the 
vector contains a promoter sequence, which can provide 
constitutive or, if desired, inducible expression of a 
cloned nucleic acid sequence* Such vectors are well 
10 known in the art (see, for example, Meth. Enzy^Ql - r Vol. 
185, D.V. Goeddel, ed. (Academic Press, Inc., 1990), 
which is incorporated herein by reference) and available 
from commercial sources (Promega, Madison, WI). 

Vectors can be introduced into the tumor cells 
15 by, any of a variety of methods known in the art and 

described, for example, in Sambrook et al., supra, 1989, 
and in Ausubel et al., Current Protocols in Molecular 
BiQXogy, John Wiley and Sons, Baltimore, MD (1994), which 
is incorporated herein by reference. Such methods 
2 0 include, for example, transf ection, lipofection, 

elect roporation and infection with recombinant vectors or 
the use of liposomes. Introduction of nucleic acids by 
infection is particularly advantageous in that it can be 
effective in vitro or in vivo. Higher efficiency can 

25 also be obtained due to their infectious nature. 

Moreover, viruses are very specialized and typically 
infect and propagate in specific cell types. Thus, their 
natural specificity can be used to target the antisense 
vectors to specific tumor cell types in a biopsy culture, 

30 which may be contaminated with other cell types. Viral 
or non-viral vectors can also be modified with specific 
receptors or ligands to alter target specificity through 
receptor mediated events. The use of retroviral vectors 
for the expression of antisense sequences is described 

35 below. 
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J A nucleic acid molecule also can be introduced 
into a tumor cell using methods that do not require the 
initial introduction of the nucleic acid sequence into a 
vector. For example, a nucleic acid sequence useful for 
5 inactivating a gene in a tumor cell such as a gene 
encoding an immunosuppressive isoform of TGFfl can be 
introduced into a tumor cell using a cationic liposome 
preparation (Morishita et al., J* Clin. Invest. P 91:2580- 
2585 (1993), which is incorporated herein by reference; 

10 see, also, Nabel et al., supra, 1993)). In addition, a 
nucleic acid sequence can be introduced into a tumor cell 
using, for example, adenovirus-polylysine DNA complexes 
{see, for example, Michael et al., J f PigXt ChCTW, 
268:6866-6869 (1993), which is incorporated herein by 

15 reference) . Other methods of introducing a nucleic acid 
sequence into a tumor cell such that the nucleic acid can 
be expressed or can result in the reduction or inhibition 
of expression of a gene product are well known and 
described, for example, by Goeddel, supra, 1990). 

20 Nucleic acid sequences encoding various 

immunosuppressive and immunostimulatory agents have been 
cloned and are available for use (GenBank) . Nucleic acid 
sequences encoding, for example, cytokines such as 
various interleukins, gamma-interf eron and colony 

25 stimulating factors are available from the American Type 
Culture Collection (see ATCC/NIH Repository Catalogue of 
Human and Mouse DNA Probes and Libraries, 6th ed., 1992) 
or are available commercially (Amgen, Thousand Oaks, CA; 
see, also, Patchen et al., Exptl . Hematol . , 21:338-344 

30 (1993); Broudy et al., Blood , 82:436-444 (1993), each of 
which is incorporated herein by reference). Similarly, 
nucleic acid sequences encoding immunosuppressive agents 
such as various immunosuppressive isoforms of TGF/5 are 
available to those in the art. 
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In addition, a nucleic acid sequence encoding 
an immunosuppressive agent, for example, can be obtained 
and modified such that, following homologous 
recombination with the target gene in the tumor cell, the 
5 immunosuppressive agent is not expressed. Nucleic acid 
sequences encoding various immunosuppressive agents or 
immunostimulatory agents also can be obtained using, for 
example, the polymerase chain reaction, provided some 
information of the nucleic acid sequence encoding the 
10 agent is known. Other methods such as cloning also can 
be used to isolate a desired nucleic acid sequence 
encoding an immunosuppressive or immunostimulatory agent. 

Selectable marker genes encoding, for example, 
a polypeptide conferring neomycin resistance (Neo R ) also 
15 are readily available and, when linked to a nucleic acid 
sequence or incorporated into a vector, allows for the 
selection of cells that have successfully incorporated 
the desired nucleic acid sequence, which can inactivate a 
target gene by homologous recombination, encode an 
antisense nucleic acid sequence or encode an 
immunostimulatory agent. Other selectable markers known 
to those in the art of gene transfer also can be used to 
identify tumor cells that have been genetically modified, 
for example, by homologous recombination to reduce or 
inhibit the expression of one or more immunosuppressive 
factors. * 



20 



25 



30 



A "suicide" gene also can be incorporated into 
a vector so as to allow for selective inducible killing 
of a genetically modified tumor cell following 
stimulation of a subject's immune response. A gene such 
as the herpes simplex virus thymidine kinase gene (TK) 
can be used as a suicide gene to provide for an inducible 
destruction of the tumor cells. For example, when the 
tumor cells are no longer useful, a drug such as 
35 acyclovir or gancyclovir can be administered to the 
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subject. Either of these drugs selectively kills cells 
expressing a viral TK, thus eliminating the implanted 
genetically modified tumor cells. Additionally, a 
suicide gene can encode a non-secreted cytotoxic 
5 polypeptide and can be linked to an inducible promoter. 
If destruction of the tumor cells is desired, the 
appropriate inducer of the promo tor is administered so 
that the cytotoxic polypeptide is expressed. 

Numerous methods are available for transferring 

10 nucleic acid sequences into cultured cells, including the 
methods described above. In addition, a useful method 
can be similar to that employed in previous human gene 
transfer studies, where tumor infiltrating lymphocytes 
(TILs) were modified by retroviral gene transduction and 

15 administered to cancer patients (Rosenberg et al., Hfijtf 
En gl. J. Med. 323:570-578 (1990)). In that Phase I 
safety study of retroviral mediated gene transfer, TILs 
were genetically modified to express the Neomycin 
resistance (Neo R ) gene. Following intravenous infusion, 

20 polymerase chain reaction analyses consistently found 

genetically modified cells in the circulation for as long 
as two months after administration. No infectious 
retroviruses were identified in these patients and no 
side effects due to gene transfer were noted in any 

25 patients. These retroviral vectors have been altered to 
prevent viral replication by the deletion of viral gag, 
pol and env genes. Such a method can also be used ex 
vivo to transduce tumor cells taken from a subject with 
cancer. 

30 When retroviruses are used for gene transfer, 

replication competent retroviruses theoretically can 
develop due to recombination of retroviral vector and 
viral gene sequences in the packaging cell line utilized 
to produce the retroviral vector. Packaging cell lines 

35 in which the production of replication competent virus by 
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10 



recombination has been reduced or eliminated can be used 
to minimize the likelihood that a replication competent 
retrovirus will be produced. Hence, all retroviral 
vector supernatants used to infect patient cells will be 
screened for replication competent virus by standard 
assays such as PCR and reverse transcriptase assays. 

Approximately 1 x 10 7 tumor cells are required 
for immunization, depending, for example, on the number 
of times the composition is to be administered and the 
level of response desired. The tumor cells can be mixed 
with an appropriate adjuvant or with a pharmacologically 
acceptable solution such as physiological saline or the 
like for administration, which can be accomplished by any 
of various methods such as subcutaneous or intramuscular 
15 injection or any manner acceptable for immunization. 
Pharmacologically acceptable solutions useful for 
immunization are known in the art (see, for example, Khan 
et al., supra, 1994; Audibert and Lise, supra, 1993; 
Mishell and Shiigi, supra, 1980). In addition, various 
methods of administration can be used and are known to 
those skilled in the art. Administration can be at a 
body location other than an active tumor site or, if 
desired, at the site of a tumor in a cancer patient or 
can be in a subject predisposed to developing a cancer. 

25 0n e skilled in the art would know that the 

effectiveness of therapy can be determined by monitoring 
immune functions in the patient. For example, the 
cytolytic activity of immune effector cells against the 
patient's cancer cells can be assayed using the methods 

30 described in Example I. In addition, the size or growth 
rate of a tumor can be monitored in vivo using methods of 
diagnostic imaging. By monitoring the patient during 
therapy, the therapist would know whether to maintain, 
for example, therapy using tumor cells that are 

35 genetically modified to prevent expression of an 
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Immunosuppressive agent or whether it is more desirable 
to use a combination therapy, which can reduce or prevent 
the expression of an immunosuppressive agent and, at the 
same time, can provide an immuno stimulatory agent. Such 
5 combined gene therapy can exhibit superior efficacy 
because not only are the immunosuppressive functions 
depressed but the stimulatory functions of the immune 
system are enhanced. This combined approach is 
particularly useful when separate inhibition of an 
10 immunosuppressive agent or stimulation of the immune 

response using an immunostimulatory agent provides only 
moderate effects when used alone. 



Where combined therapy is used, tumor cells 
expressing, for example/ an antisense nucleic acid 

15 sequence to an immunosuppressive agent can be further 

modified to express one or more immunostimulatory agents 
such as cytokines. The tumor ceils should be modified so 
that a known number of cells in the composition secrete, 
for example, appropriate cytokine levels, which can 

2 0 induce anti-tumor immunity without producing substantial 
systemic toxicity in a subject. Alternatively, the 
genetically modified tumor cells can be administered in 
combination with CE cells, which express and secrete a 
defined level of cytokines. The expression of -an 

25 appropriate level of a cytokine allows administration of 
an^effective amount of the composition, while minimizing 
the- likelihood of adverse side effects as were observed 
using previously described methods of systemic 
administration of greater than physiological levels of 

30 the cytokines. 

As with the tumor cells modified with antisense 
described previously, tumor cells that express an 
antisense nucleic acid and an immunostimulatory agent or 
the combination of tumor cells that express an antisense 
35 nucleic acid sequence for an immunosuppressive agent and 



WO 96/02143 



PCT/US95/09198 



31 

an immunostimulatory agent such as a cytokine or CE cells 
can be formulated for injection in any manner known in 
the art as being acceptable for immunization. Because it 
is important that the tumor cells and, if used, CE cells 
5 remain viable, the formulations are compatible with cell 
survival. It is recognized that contamination of a 
composition of the invention can focus the immune 
response on undesired antigens and, therefore, should be 
avoided by practicing aseptic techniques. 

It is understood that modifications that do not 
substantially affect the activity of the embodiments of 
this invention also are included within the invention 
provided herein. Accordingly, the following examples are 
intended to illustrate but not limit the present 
invention. 

EXAMPLE I 

IMMUNOSUPPRESSIV E EFFECT OF TGFfl IN TUMOR 

This example demonstrates that various tumor 
cell lines produce an immunosuppressive isoform of TGFJ3 . 

20 A murine ovarian teratoma cell line, MOT D3- 

17-5 (MOT), a human glioblastoma cell line, GT-9, and a 
rat gliosarcoma cell line, 9L, were used to assess the 
immunosuppressive effects of TGF3 . Expression of TGFJ3 
was determined by measuring the ability of TGFJ3 to 

25 suppress the growth of mink Mv-l-Lu lung epithelial cells 
(ATCC CGL64; Rockville MD; Ogawa and Seyedin, Meth. 
£n?YPiQl. 198:317-327 (1991), which is incorporated herein 
by reference) . Briefly, mink lung epithelial cells are 
grown in DMEM containing 10% FCS, 50 U/ml penicillin, 

30 50 ^g/ml streptomycin, nonessential amino acids and 
L-glutamine until near confluency. Cells were 
trypsinized and collected by centrif ugation at 800 x g 
for 2 min, then resuspended in culture medium at 20,000 
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cells/ml. The cells were plated on 96-well microtiter 
plates at 1000 cells/well (50 pl/well) and allowed to 
attach for 30 min. 



Fifty fjl conditioned supernatant from the 
5 various cultured tumor cell lines were added in 

triplicate to wells containing mink lung epithelial 
cells. Plates were incubated for 4 days at 37 °C in an 
atmosphere containing 10% C0 2 . Wells were rinsed with 
phosphate buffered saline (PBS), then filled with 100 pi 

10 0.1 M sodium acetate (pH 5.5)/0.1% Triton X-100/100 mM 
p-nitrophenylphosphate and the plates were incubated for 
2 hr at 37 °C. Color development was generated by the 
addition of 10 pi 1.0 N NaOH and the absorbance at 
405 nm, which is proportional to the number of cells, was 

15 determined. Supernatants obtained from the MOT, GT-9 and 
9L tumor cell cultures inhibited mink lung epithelial 
cell proliferation in a dose-dependent manner, indicating 
that each of these tumor cell lines secrete biologically 
active TGFfl (not shown). 

20 The mink lung epithelial cell assay also can be 

performed using mink lung epithelial cells that are 
pulsed for 4 hr with 0.5 pCi 3 H-thymidine . In this case, 
the number of counts is proportional to the number of 
proliferating cells, which decreases in the presence of 

25 increasing amounts of TGFfl. A similar analysis can be 
performed using, for example, the TF1 cell line assay 
(Randall et al., J. Immunol. Meth. 164:61-67 (1993), 
which is incorporated herein by reference) . 



The specific isoform of TGFfl in a sample can be 
3 0 determined using anti-TGFfl antibodies. However, since 
TGFfl exists in a cell in an active form and in an 
inactive form and since anti-TGFfl antibody only reacts 
with active TGFfl, in some experiments, TGFfl can be 
activated by acidification so that total TGFfl in the 



